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The relationship between high technology firms and 
educational institutions in the Boston metropolitan area was studied. 
Attention was focused on the respbnsiveness of public schools, 
community colleges, and four-year colleges and universities to the 
demands of the industry for technically trained personnel. The 
influence of companies on educational policies arife the development of 
links between the two institutions were also explored. Information 
Was gathered from: personal interviews with 130 officials from 
education, industry, and government ;' a survey of • 158 Secondary 
mathematics and science teachers at high schools on Route 128; 
reanalysis of ^national survey of American high school seniors in 
1980-conunissioned^by the National Center for Education Statistics; 
and review of documents and reports. It was found that there is 
considerable interest on the part of students and -school 
administrators at all levels of education in courses and programs of , 
study that would lead to technical care$r\s. However, the capacity of 
educational institutions to respond to student interest is limited by 
budgetary considerations. A shortage of staff and equipment exists in 
all programs. Industry support for the schools is concentrated mainly 
on baccalaureate and postgraduate degree programs. There are a few 
cases of mutually satisfying Cooperation programs between the 
companies and Other sectors of education; but, for the most part, 
school-industry ties are fragmentary^ weak, and of short duration. It 
is concluded that despite new interest in industrial-education 
partnerships, it is highly unlikely that corporations yill be able to 
provide schools with the resources traditionally supplied by^ 
government funds. A bibliography is appended. (Author/SW) . ■ ■ 
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SUMMARY 
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This study examined the relationship between high te'chnology firms 
ancj educational institutions in tlie Boston metropolitan area. The research 
•focused on the responsiveness H of public schools, community colleges and 
four year colleges and. universities to the demands of the industry for 
technically trained personnel. The influence of companies on educational 
policies and the development of links between the two institutions were 
exp. bred as well. Information wan gathered from several sources: personal 
# interviews with 130 officials from education, industry and government; a 
survey of 158 secondary mathematics and science teachers at high schools on 
RouLe 128; reanalysis of a national survey of American high school seniors 
in A980 commissioned by the National Center for Education Statistics; and 
numiTOus documents and reports. 

There is considerable interest on the part of students "and school 
administrators at all levels of education in courses and programs of study 
that would lead to technical careers . However, the capacity of educational 
institutions to respond to student interest is limited^ by budgetary 
considerations. A shortage of staff and equipment exists in all programs — 
high school mathematics and science, high technology vocational courses, two 
year post -secondary technical curricula, and engineering and computer science 
education. Industry support for the school^ is concentrated mainly on 
baccalaureate and post-graduate degree programs. There are a few cases of 
mutually satisfying cooperative programs between the companies and other 
sectors of education but,, for the most part, school-industry ties are 
fragmentary, weak, and of short duration. Despite new interest in industrial- 
education partnerships, it is highly unlikely that corporations will be able 
to provide schools with the resources traditionally supplied by government 
funds. 

The Public Schools 

Massachusetts, public schools have been well-funded and have enjoyed a 
favorable 1 academic reputation over the years.. The percentages of students 
enrolled in mathematics and science courses are significantly higher than 
proportions enrolled in such classes in all other regions of the , country. 
Marjachusetts and New England students score slightly above the national 
'average on a variety of achievement tests. However, declining enrollment 
anc. recent budget cuts are causing a deterioration in school programs, including 
th< ;e in mathematics and science. A generation of younger teachers has been 
lai« off, class sizes are increasing in some schools, and needs for new 
equipment, supplies and textbooks are going unmet. 

The most critical problem is the probable dissolution of a cadre of highly 
qualified, experienced mathematics and* science teachers. Some schools are 
already losing these teachers to industry. And data from the teacher survey 
show that only two-fifths of these instructors plan to remain in public school 
teaching. The numbers currently being trained for these positions in colleges 
and universities are miniscule. Schools are having difficulty finding qualified 



teachers, and as layoffs occur, collective bargaining contracts are allowing 
elementary teacher^ to displace less senior mathematics and science specialists 
in the junior high schools. 

Vocational and industrial arts educators face similar problems in 
attracting qualified staff for electronics and computer courses and in 
obtaining adequate budgets for equipment. Their difficulties are compounded 
by recent federal cuts in occupational education funds. 

* V/hile nearly' all educators want to have productive collaborative ties - 
with high technology industry, relations between schools and companies are 
strained, partly because of the support of the Massachusetts High Technology 
Council for Proposition 2* 1 *, a property tax reduction measure passed in 1980. 

T he Community Colleges afod Other Two Year Schools 

Public community colleges . in Massachusetts are small and poorly funded. 
An. a result, otl^er training establishments, particularly proprietary schools, 
play a major role in providing electronics and other technicians to the labor 
force. Despite few resources, however, some community colleges have developed 
a range of technology-oriented offerings and student enrollments in them are 
growing. Enrollments at private and proprietary technical schools have risen 
as well. There are pockets of constructive training relationships between two 
year schools and high technology firms, and a few companies have made donations 
/to the colleges I But as in the case o£ the public schools, relations with 
these schools are of marginal interest to most companies. 

Uncertainties exist over workforce projections for technicians. Company^ 
officials. in a few firms caujpjoned that technological changes are automating 
the work of some of their technicians, resulting In lower employment demand. 
Others, however, pointed to countervailing trends that will increase the need 
for technicians. 

i 

The Four Year Colleges and Universities 

Massachusetts is a center for higher education. The state's schools 
train a disproportionate share of the nation's engineers.. Like colleges and 
uuiversities all over the country, enrollments in engineering and computer 
science have risen dramatically in response to the job opportunities in the 
high technology sector. The schools are not able to keep up with student 
demand, however, because of the lack of qualified faculty, an inadequate 
p -ysical plant, and insufficient research and training facilities. 

Some industrial leaders have helped to focus attention on the problematic 
conditions of engineering education, and have launched several initiates to 
increase industry aid £o these programs. The Massachusetts Institute of 
Technology continues to have close ties with companies and receives considerable 
financial support from then. Other colleges and universities have been less 
frequent beneficiaries of corporate largesse. A consensus has been reached 
among university administrators and industry leaders on the problems of engineer 
education and some of their solutions. But they disagree on the role that the 
federal government should play in alleviating the crisis that besets the schools 



uu 

hi 
dc 



with educators favoring greater involvement of the government and managers 
opposing it. y 

Student interest at all educational levels in Massachusetts is moving 
in a direction congruent with industry needs, but the capacity of educational 
institutions to respond to that demand remains in doubt. 
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INTRODUCTION 

The Boston area is one of two major centers in the, United States of 
technologically sophisticated industry. t Its manufacturing economy, along 
with that of Santa Clara Valley in northern California^ is both a microcosm 
and a harbinger of the new age of microelectronics that is emerging in 
industrialized nations. This study; which is similar in purpose and coverage 
to a study conducted in 1981 of California's Santa Clara Valley, focuses 

on the relationship between high technology firms and educational institutions 

2 

in the Boston metropolitan 'area. The research examines the responsiveness 
of schools at all levels to a growing industry's demand for a better educated 
labor force, the influence of high technology firms on educational policies, 
and the development of ties between the two institutions. 

A nutaber of electronics and other science-based firms existed in the 
Boston area prior to 1940, but it was the massive federal support for war- 
related research during the early l?40s that provided the major impetus for 
the development of new technologies in the Boston region. A large number of 
new companies formed soon after the end of the Second World War, many of 
them spinoffs from research laboratories at the Massachusetts Institute of 
Technology, "the undisputed f ountainhead of high technology , firms in the 
area." Route A28, the famed "Golden Horseshoe." built in the late 1940s 
and early 1950s, eventually became the home Cor over a thousand high technology 

V 

companies. Today, approximately 33 percent of the state's manufacturing 
workforce is employed in high technology firms, the bulk of them in the 
Route 128 area or on Route 495, the circumferential highway lying outside of 
Route 128. Employment growth in the industry has been particularly dramatic 
since 1975, increasing by a third (32 percent) between 1975 and 1979.^ 
Although two-thirds of Massachusetts workers are employed in the service 
sector, the fastest growing part of the regional economy since the 1950s, 
and while the number of workers in New England employed in high' technology 

companies still does not exceed the number fi employed in the textile mills in 

5 * ' 

previous, years, the importance of the presence of the high technology 

companies cannot be overestimated. For example, high technology firms have 

higher growth rates and Invest more heavily in plant and equipment than other 

manufacturing firms. In 1981, $0.41 out of every dollar of capital* spending 

by all manufacturing companies In New England was accounted fcrT by high 
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6 * 
technology companies. As o labor economists have often pointed out, the 

periodic revitalizations of the regional economy have historically depended 

on the growth of new, technologically innovative firms. ^ 

"* ft 

While the high technology sector in the postwar period was expanding, 

» v 

older industries in the state such as textiles and leather gooda were in 

8 

a period of significant decline. The recent spurt of growth of science- 
based industry since 1975, particularly coming as it did on the heels of a 

recessionary period from 1970-75 in the State, has led many business and 

* 

political leaders to view high technology firms as a kind of savior of the 
•Massachusetts economy. The fact that the development of the industry 
rescued Massachusetts from the economic doldrums is one reason why high 
technology executives have significant political clout when they choose 
to act collectively. Their main trade association, the Massachusetts High 
Technology ^Council, is a highly visible corporate interest group. Founded v 
in 1977, its membership includes* 124 companies which together employ 115,000 
Massachusetts workers. Although many high technology companies are not 
members (e.g., Raytheon, Polaroid, and General Electric), the Council is 
widely regarded as the voice of that industrial sector. 

The Council has been particularly effective In publicizing labor 
shortages of technically trained personnel; industry leaders in Massachusetts, 
along with the American Electronics Association, stress that despite the • 
current business slowdown, there is an increased long term demand for 

entineers, computer ^scientists and programmers, electronids and computer 

<**'"* 9 
technicians, computer operators, and other" tradespeople such as drafters. _ 

Go/ernment agencies and other economists have made similar forecasts. *The v ^ 
Council has made a concerted effort since -its founding to encourage post- 
secondary institutions in Massachusetts to produce such skilled professional J 
am. technical workers. Its members argue that tjieir companies* explosive 
growth has led to personnel shortages and those are now a constraint on 
continued expansion. , ReCTantly, its leaders have also expressed a need to 
upgrade high school mathematics and science programs, to develop better 
career awareness among secondary students, and to introduce computer literacy 
in the school curriculum. This study examines the inclination and capacity 
of- educational Institutions in the Greater Boston area to respond to this 
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projected demand for skilled technical workers by high technology firms* 
The research also focuses on the ties which exist between Industry and 
education and the factors which promote or hinder collaborative efforts 
between the two. 

This study drav/s oh several types of information. One hundred and 
thirty interviews with officials from education, industry and government 
were conducted between September , 1981 , and April, 1982. 10 A broad range 
of documents, studies, and reports on high technology and education in 
Massachusetts was assembled. A survey was conducted of mathematics and 
science teachers in eight secondary schools in the Route 128 area. And 
data on New England high school seniors, drawn from a national sample 
of 28,000 students were obtained and analyzed from the High School and 
Beyond study of the National Center for Education Statistics. Where 
relevant, comparative data on California is Included. 4 
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I. THE PUBLIC SCHOOLS 
Mi 

The Current Status of Massachusetts Public Education u % 

*■ * * 

Massachusetts has traditionally given high priority to its public 

scnools. , In 1980 it ranked fourth among the states in the absolute amount ^ 

12 % 

of money it spent per pupil, and sixth in expenditures for public schools - 

13 • ■ 

as n percent of personal income. California, by contrast, places 48th 

. . • t 14 
amon/j the states on the latter measure. Teachers salaries are somewhat 

abov i the national average, $18,288 compared to $17,400 nationally in 

19*)( and the pupil teacher ratio has been lower than the national 
16 

average. The state, however, has proportionately fewer children than 
thq national average in gifted and talented programs. ^ According to the 
1980 census, approximately three fourths (76 percent) of Massachusetts 
resldehts 25 years of age and over have graduated from high school compared to 



66 percent nationally, and almost one quarter have four years of college 

Lnmc 
19 



18 

compared to 16 percent in the nation. Levels of educational attainment 



in New England, however, are lower than Pacific and Mountain States, 

Students in high schools in New England and the rest of the Northeast 
are much more likely than students from other parts of the country to be 
enrolled in an academic curriculum and to take mathematics and science 
courses (Table 1.1). Data from Massachusetts students taking the 1981 
Scholastic Aptitude Tests show the same pattern (Table 1.2). Regional 
di£ c erences in the percentages of students taking mathematics and science 
courses are quite striking (Tables 1.3 and 1.4). According to tfre High 
School and Beyond survey, 54 percent of New England secondary students take 
thne years or more of mathematics compared to 26 percent of California 
students. And 36 percent of those from New England have three or more years 
of science education compared with only 13 percent in California. While 
19 percent of the nation's 1980 high school seniors had taken physics, 30 
percent had done so in New England. Almost half (49 percent) of New England 
seniors have had chemistry, a percentage considerably higher than the 
national average (37 percent) or that of California (32 percent). In 
fact, in all academic subjects except social studies, New England students 
vi . , 

1" 
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Table 1.1 

Percentage of 1980 High School Seniors in General, Academic, and 
Vocational Curriculum by Geographic Region 



• 


New 
England 


North- 
East* 


South 


' North 
Central 


West ** 


Pacific 


Academic 


47% 


51% 


33% 


35% * 


34% 


33% 


General 


25 


24 


39 


40 


45 


47 


Vocational 


28 


25 


28 


24 


20 


21 



^Includes New England 
**Includes Pacific 



Source: High School and Beyond , 
National 'Cente^ for 
Education Statistics, 1980 



Table 1.2 



Selected Data on 1981 Students Taking Scholastic Aptitude Tests (SATs) 



Percentage of Eligible Seniors i 
Talcing SATs * k 

Verbal Score 

Math Score 

Barents' Median Income 

Estimated High School Grade 
Point Average 

Number of Years of Study of 
Mathematics 

Number of Years of Study of 
Biological Science 

* v.. 

Number of Years of Study of 
Physical Science t 



National 

33% 
424 
466 
$24,100 

3.06 

3.52 



1 .40 
1 . 7© 



Massachusetts 

63% 
422 
462 
$21,700 

2.90 

3.72 

1.45 

1.87 



California 

36% 
426 
475 
$26,300 

.3.13 * 

3.29 

1.32 

1.33 



Source: The College Board, 

"College* Bound Senior^ 
1981" - National', 
Massachusetts, California. 
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• , •' V.. Table 1.3 

Cumulative Percentage of 1980 High School Seniors Taking Varying Amounts 
of Mathematics and Science Coursework? by Geographic Regipn 



A >.' 





CO 

o 

•H »: 
U 


Amount of 
Coursework 


New, North- 
England East* South . 


North 
Central 


West** 


Call- 
f orrtia 


V 


1 year or more 


98% •> 


96% 96% 


, 89% 


91% 


.90% 


i. 


§ ; 

u 

ctj 


2 years or more 

3 years or more 


84 , 
54 


79 , * 73 
48 36 


■60 
K29 


58 
24 


58 
26 






1 year or more 


92 


93 92 


86 


90 


•88 




OJ 

•H 

a 
en 


2 years or more 

3 ydars dr more 


36 


66 56 

315 • • 20 


48 
21 


44 
15 


41 
13 




* I n c ludes New Eng 1 and 




Source : 


High School and Beyond, 




**Includes California 

• 


< 




National 
Education 


Center for 
Statistics , 


1980. 

i 








* Table 1.4 
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Percentage of 1980 High School Seniors Taking 
^Ebthematics , Science, and Selected Courses 










Course t 


National 


California 


■ijew England 








Algebra* I 


•79% 


-79% 


, V 83,% 








1 


Algebra II * * 


49 ; 


49 


.62 










Geometry 


56 




68 










Trigonometry 


26 


24 


• 32 










Calculus 




8 


10 




\ 




f 


Physics 


19 


17 '• ' ' " 


30 


< 






* 


Chemistry 

* 


37 


32 


40 










Family Life or 
Sex Education 


48 


60 


, 33 '■: 










Alcohol or Drug 
Abuse Education 


39 


51 


31 


* 
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Source: Hiph School and Beyond , * 
National Center for 
Education Statistics, 1980 
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have had greater amounts of coursework than their West Coast counterparts. 
.The latter, however, were much more likely to have carried a family life or 
sex educatioV course (60 versus 33 percent) , ^and a class in alcohol and 
drug abuse education (51 versus, 31 percent). 

New England studdtits do a little more homework than the national average 
(Table 1.4), although the percentages are not impressive in absolute terms . 
Thirty-one percent of the 1980 seniors in the High School and Beyond study 
had five or more hours of homework a week comparied to 25 percent nationally* 
The students are equal to the national average in the percentage who miss 
five or more days of school a year for reasons other than illness (21 percent), 
while California reports a: high proportion (29 percent) doiijg so. New Englaftd 
.seniors are. a little more likely to be tardy to school compared to national/ 
norms but are significantly more punctual as a group t.han California seniors ' 
(Table 1.6)- , , 

... ^ * 

Variations by state in levels of academic achievement are difficult to 

assess since most national studies group students by region. Thus, for purposes 

of this analysis, data on the Northeast or New Eng^nd* will be used in addition 

to the few st^te reports which are available, .Comparisons of Scholastic Aptitude 

Tests (SAT) scores between states are available, but they are not particularly 

useful since the proportion of seniors taking ^the test varies from state to state, 

Nationwide, approximately one third of all eligible seniors \ake the test but 

a much larger percentage, 63 percent, do so in Massachusetts.^ As a resu 

a larger pool of , students taking the test, the SAT scores of Massachuse 

students are slightly lower than the natipnal average, The state's pupils scored 

422 in the verbal portion of the test compared to 424 nationwide, and 462 

the mathematics test compared to 466 among their counterparts in the rest of. 

20 

the nation (Table 1.2). v Declines in students T scores nationwide have been 
paralleled* by a decline of similar magnitude among New England 'students since 
comparative data became available in 1972. . _y J 

^ There is evidence that Massachusetts and New England students achieve 

above students in other regions. Massachusetts has the seventh highest 

■■ • .. ' •'. '"■ v • ,r^v. . . .. 

cutoff iscore required for students to qualify as- semi-finalists for a 

• ■ . • 22 ' ' 

National Mferit Scholarship compared to other states. A 1980 study of 
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/ - Table 1.5 



Percentage of 19fiib High School Seniors Rep6rttng 
Amount of Time Spent on Homework Per Week 



Average Hours Per Week * ' * " 


National . 


Newt England 


California 


Less than 5 


^68% 


.62% 


69% 


Between 5 and 10 


18 


21 


17 


More than 10 




10 


7 • 


No homework is ever assigned 


A 


3 


4 


r 

**\ I have homework, but I don't do it 


4 


5 


3 



Source: High School and Beyond , 
- > " ■' ■ Nationa'l Center for 

Education Statistics, 1980. 

\ 



Table 1.6 

Percentage of 1980 High School Seniors Reporting 
Absenteeism and Tardiness 



5 days or mo*e absent this year for 
reasons other than illness 

5. .days or more late to school this 

y 



National 



21%- 



19 



New England 

21% 

'a . • 

23 



California 



29% 



31 



y Source: High School and Beyond , 
National Center for 
. Education Statistics, 1980. 
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achievement was conducted for the Department of Defense of a national 
representative sample of 12,000 men and women ages 18 to 23. ' The results 
showed that those from New England scbred highest on the Armed Forces. 
Qualifying Test compared to young adults in eight other regions of the 
country (T&ble 1.7). Achievement |^es from the 1980 High School and 

Beyond survey show New England students scoring several points above the 

\ 

national average in ^reading and mathematics (Table 1.8). The most 

comprehensive evaluations of achi^emWit are those of theNational 

Assessment of Educational Progress (NAEP) . Those studies have consistently 

shown students from the Northeast (which includes some' Middle Atlantic 

states) to have the highest scores in mathematics and science followed by 

the Central, West and Southeastern states in that order. Nine-year-olds 

in the Northeast also lead other regions in reading scores although thirteen 

and seventeen-year-olds generally ^rank second behind those in the Central 

states. Black students from the Northeast outscore black students front 

23 

other regions at all ages in the reading assessment. 

i 

The Massachusetts State Department of Education has conducted several 

statewide tests with some of the NAEP items so that regional and national 

comparisons could be mad 6. The jresults of thos£ surveys conducted between 

1974 and 1978 show a mixed pattern. The state's students score above the 

national av^r&ge in reading, mathematics, and some portions of the writing 

examination. In, science, nine-year-olds also scored above the national 

average,, but the rapkings of the 17-year-olds placed them at the overall 

U.S. average. On some of the writing subtests, Massachusetts scored below 
J — 24 

regional and national averages. Analyses of test results from the state's 
first mandatory testing of basic skills in 1981 show that Massachusetts 
pupils are significantly weaker in writing than they are in reading and 
math/^ Thus, while some comparative weaknesses are present, students 
from Massachusetts an^ the surrounding region appear to have somewhat higher 
achievement levels than their counterparts elsewhere in the country. 

However, the current demographic, economic and political environments 
within the state are having a destabilizing effect on public education. 
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Table 1.7 



Mean Percentile Score on 1980 Pttv&ed Forces' Qualifying Test, Ages 1,8^23, By Region 



Mean Percentile Score 



West * East ^ West East 

New North Middle North South South South. 

England Cental Atlantic (Jentral Mountain Pacific Central ; Atlantic Central 

60 58 53 52 52 50 48 44 42 ^ 



Source: Profile of American Youth : 1980 Nationwide ' 
Administration of the Armed Forces Vocational 
Aptitude Battery, U. S. Department of Defense, 
1982. 



Table 1.8 



Reading and Mathematics Test Scores of 1980, Seniors 



Test Score 


National 


New England 


California 


Reading .(Mean) 


49.64 


51. 19 


49.85 


(Median 


49.95 


52.41 


49.98 


Math-Part I (Mean) 


49.60 


52.10 


50.48 


(Median) 


49.39 


52.62 


50.66 


Math-Part II (Mean) 


49.67 


51 .*15 


50.14 


(Median) 


48.06 


51.95 


51.31 



18 • 



17 



Source ; 
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Student Achievement in California 
Schools, 1980-81 Annual Report , •■ • 
California State Department of Education, 
1981; High School and Beyond , National 
Center for Education Statistics, 1980. 



Student enrollment, which peaked in 1973-74, has declined approximately 
22 percent since then, causing widespread layoffs of teachers and 
alterations in the curriculum and organization of schools. The problem 

is particularly acute in New England which has historically been characterized 

1 * s 2 6 

by low fertility rates. The only area of the country with a lower 

27 

fertility figure than that of Massachusetts purrently is Washington, D.C 

One demographer estimates' that only half of the female© in the New England 

■ 2ft 
cohorts born during the mid-to-late 1950s will have more than one child. 

A second dramatic influence on schools in ^recent years is decreased 
financial support for public education. For the last several yedts, 
municipal budgets were held to a four percent increase at a time of double 

digit inflation. And in November, 1980, Massachusetts voters overwhelmingly 

t< 

•< approved Proposition 2*5, a local, tax reduction scheme similar to California's 
29 

Propositiori 13. As a result, during the 1981-82 school year, the systems* 

budgets were cut an average of seven percent which, if inflation were taken 

l 

into account, amounts to a 14 percent budget reduction. There was a 16 

percent reduction in school staff in local school districts statewide 

including a 12 percent cut in the professional staff (approximately 

7,000 teachers , counsellors and specialists), ^nother 2,000 to 4,000, 

will most likely be terminated by fall, 1982. Some of the reductions 

were due to declining enrollment, which averaged 4.2 percent across the 

cities and towns ip 1981-82. One hundred and sixty three school buildings 

were closed as a direct casult of 2H alone, and half the local school 

districts established user fees for such .services as athletics *and 

30 

instrumental music lessons. At .least 60 of the state* 8 school 
superintendents announced their retirements or resignations during this 

31 

, school year, a dramatic increase from the average of 15 In previous years. 
Thus, the twin effects of declining enrollment and budget reductions are 
creating a profoundly transformed environment within which public schools 
must operate, f 

The Status of Mathematics and Science Education in Seven Route 128 Communities 

Six communities with the highest concentrations of high technology firms 
in he Route 128 area were selected for study along with one other Route 128 
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municipality whdfre many technical professional^ reside. Eight high schools 
are included Mn the .research. Two of the communities are upper middle 
class, another two are middle class, while the other *three are largely 
blue collar in t^pir socioeconomic makeup. Interviews with at least one 
high ranking administrator in each of 'the se^ven systems „and with the 
sixteen chairs of the- secondary mathematics and science departments 
wera^ conducted. . A. survey was conducted of 241 mathematics and science 
teachers in the eight schools. Sixty-six percent (158 people) of the 
teachers responded to the survey questionnaire. Of special Interest 
were student enrollment trends, the impact of budget restrictions, and 
teacher staffing patterns, * 

Enrollments in mathematics and science courses, usuall*y prerequisites 
to professional technical ^careers ,' are relatively high in these eight high 
schools (Table 1.9). Sixty to 95 percent of the/*students in each school 

are enrolled in science courses at any one time. The figures for mathematics 
enrollments range from 80 t^99.8 percent; five, schools have more than ^0 
percent of their students enrolled in mathematics courses. The popularity'- 
of mathematics and science is little related to the* social and economic 
status of the community. In one of the blue-collar high schools, 90 percent 
of tHe students are enrolled in mathematics/ 14 percent arc carrying computer 
programming courses, and 95 percent are taking science subjects. Several 
schools had made a concerted effort to e^oll non-college bound students 
and females into science and mathematics courses/ Five of the eight schools 
report an increasing student enrollment in science courses during the past 
several years, and six schools report similar growth in mathematics enrollment 
Mos. 4 of these increases are in the third* and fourth year courses. No school 
Is experiencing a drop in the percentage of its students in math and science 
enrollments. These upward trends contrast with those in California schools; 
four of eight school-system officials in Silicon Valley reported that 
mathematics and science enrollments were decreasing. 

These results also show that Route 128 students go well beyond school 
district science and mathematics minimum requirements for graduation. Most 
of the systems require one or two years of high school mathematics and one 

20 ' 
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Table 1.9 

Percentage of Secondary Students Enrolled in Mathematics and Science Courses* 



i m 


in Eight Route 


128 High Schools, 

l 


1981 






•* 

t 


















i 

A 


B 


t 

C 


School 
D** E** 


V 

F 


G** 


H** 


Math Courses 


92% 


88% * 


94%., 


90% 85% 


99. 


8% 90% ' 


80% ' 


Sdlence Course^ 


87 


64 

r 


70 


88 60 


75 


-95 


£5 



*The feyr students who,. take mo r? than one science or math coursed at a time 
are dquble-count;ed he,re. 

**School has grades 10-12 only — other schools- are grades 9-12. 



TabJe 1.10 

Percentage Reductions in School Professional Staff, - 
School Budget and Student Enrollment in Seven Route 128 
School Systems and the State of Massachusetts, 1981-82 * . 

-School System 
A B C D E F G ^Massachusetts 

Percentage Change ~f6.3% -1. IX-- 13.0% -1.3% -0.0% -2.3% -11.2% -7% 

in School Budget - * 
from 1980-81, 

Percentage Reduc- -9.9% -10.5% -15.4% -8.1% -10.5% -19.3% ; NA x -12% 

tion in * 25 Tenured 

Professional Teachers 

Staff from 1*980-81 ' ff riffed" 

Percentage Decline -7.8% -3.1% -7.9% -6.5% -6.4% -6.5%. -8.5% -4.2% 
in Student Enroll- 
ment from 1980-81 

. ^ » . . *Source of Massachusetts Data: 

. X* Massachusetts. Association of School 

Committees, "The Impact of Proposition 2*$ 
on Public Schools, M April, 1982. 
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year of high school science (two years for college preparatory students in 
several schools) t but students take significantly more courses. Three or 
more years of mathematics courses and two to three courses in science are 
typical for the majority of students at these schools. One school which 
has no mathematics requirement for graduation h^s almost 100 percent of its 
students taking this subject. * - 

California and other states are trying to boost enrollments in science 
and mathematics by changing state graduation requirements and entrance 
requirements to the state f s public colleges and universities. For example, 
the University of California x^ill begin requiring three years of high school 
mat *ema tics for entering freshmen in 1986, and the California State 
University system will require two years. Governor Jerry Brown recently 
exhorted Silicon Valley students to take more courses in math and science. 
A magnet school stressing science, math and technology courses Is being 
planned by the Los Gatos Joint Union High School District and the Fremont 
Union High School District in- the Valley.' 

While the Boston area schools are experiencing modest percentage increases 
in math and science enrollments, they are witnessing an enormous upsurge of 
student Interest in computer's. One secondary school system which had 231 
students enrolled in computer electives in 1973 now, : has 680 students taking 
such courses. Yet many fear that since students are now often exposed to 
computers in elementary and junior high school, they will be f rustratei^__^ 
the 1 lack of access to advanced course offerings at the senior high level. 
Every school administrator complained about the lack of computer hardware 
in the face of accelerating student demand. However, teachers at most schools, 
usually in the mathematics department, have been quite willing, even eager, 
to retrain in order to teach these courses. Several districts have used, 
creative metHods to stimulate teacher retraining. For example, one School 
system had trained 375 school staff out qf 700 (including some custodians 
and secretaries) in a 30 hour course in BASIC through an Occupational Education 
grant from the state. Another system trained most of its mathematics faculty 
to teach computer courses through a "buddy system" where one teacher proficient 
in computers co-taught a course with a novice. While interest in computers 

/ 
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is "phenomenal," in the words of several administrators, there is little 
in the way of state or federal guidance or support for curriculum develop- 
ment or equipment acquisition. Unlike California, where at least county 
education officials provide. leadership in establishing computer curricula, 
Massachusetts schoo^ districts. have to go it alone in this area of 
instructio^. There is no centralized teacher censortium or computer ' 
education In the Boston krei either, unlike Silicon Valley where the Computer 
Using Educators group provides programs and services to further this 
pedagogical effoW. There \s a proliferation of smaller groups, newsletters 
and conferences in the Bay s\ate but no one organization or government 
agtncy plays a coordinating Ale. 

As student interest in science, mathematics and computers grows, school 
budgets are being reduced. AllW one of the seven cities and towns studied 
experienced an absolute cut in their school budget in 1981-82. Professional 
staff reductions ranged from 8 percent to 19 percent, with an average of 
12 percent for all towns,', the same\as the statewide percentage. Declines 
in enrollment averaged 6.7 percent ^n 1981-82, slightly above the average 
for the state (Table 1.10) 

While cuts in high* school programs have been most pronounced in athletics, 
industrial arts, music and assorted activities and' clubs, there have also * 
been financial reductions affecting thl teaching of science and mathematics. 
Six of the^eight science departments ank half of the mathematics departments 
studied lost staff positions during 198i-ji2. Math teafners are less likely 
than science teachers to be laid' of f .becLse of increased student demand for 



comouter^electlves ai$> small remedial courses. Eleven of sixteen departments 
.have. had their budgets for equipment, supblies and texts cut or level-funded 
in the last year. The chairs, particularly in the science departments! felt 
that these financial reductions were especially h'armf uUbecause' there his 
been such dramatic inflation in the costs if chemicals, glassware and 
textbooks. Six of the eight high schools ire now using mathematics aid 
'science textbooks seven or eight years rat hkr than the previous standard of 
five years. Two of the schools had lost fulding for a» faculty person to serve 
as coordinator of the school's mathematics ieam. All of the^schools believed 
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that financial constraints had prevented them from acquiring the computer 
hardware necessary to accommodate student demand. 

*...•'*"' 
In addition to these reductions, one school lost a remedial mathematics 

laboratory and another lost the double laboratory period used in some science 
courses in the 1981-82 school year. Three schools had teacher sabbaticals 
abo^ ished or in-service training programs eliminated, ^our science depart- 
ment, and one mathematics department experienced an increase in class size 
or required teachers to take on an additional class* Ohe school had to 
eliminate some of its ability groupings.* Another cut eight courses from 
its science curriculum. Statewide, a number of towns eliminated the position 
of ' cience coordinator, particularly at the elementary school level. Field 
trips to Boston* s Museum of Science dropped by 25 percent during this first 
year of implementation of. Proposition 2**. Overall, pwo thirds of the teachers 
surveyed in the eight high schools claimed that cuts or constraints in the 
school budget had hurt courses in their discipline. They singled out lack 

of money for equipment, supplies, texts and computers as their major concern 

v S 

followed by the growth in class size. It should be noted, however, that 
class sizes are still quite reasonable, around 25 students' per class, and 
are significantly smaller than those in California. 

The most serious problem, however, lies with the teaching staff itself. 
Recent national and state studies have documented- t^e attrition of experienced 
mat! jmatics and .science teachers, a dramatic drop in newly certified graduates 
in Lhose fields (a 65 percent decline in science education graduates and a 
77 r arcent decline in mathematics education graduates between 1971 and 1980) , 

and the misassignment of unqualified teachers to cover courses in mathematics 

■ n 32 

and science. These studies show that the problems in the Northeast are less . 
sevf re than in the rest of the country. The pool of newly certified candidates 
is larger (Table 1.11), and the percentage of newly-employed but unqualified 
* science and mathematics teachers is sharply lower— nine percent — than the 1 
national average of 50 percent. The percentage in Pacific Coast states is 
an astounding 84 percent (Table 1.12). 

< 

Nevertheless, it wals apparent from the^ interviews and questionnaire data 
that the supply of qualified mathematics and science teachers is also becoming 
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Table 1.11 



Number of People Granted Certification to Teach 
Secondary Mathematics and Science in .Massachusetts , 1972-1981 



1972 
1981 



Mathematics Chemistry Physics .Biology 



891 

(157)* 
315 



246 

(49)* 
119 



- 154 

(38)* 
62 



417 

(98)* 
268 



General 
Science 

950 

(226)* 
457 



Earth 
Science 

64 

(30)* 
49 



Percentage 
Decline 



-65% 



-52% 



-60% 



-36% 



-52% 



-23% 



♦Veteran teachers, included in the 
. total in each cell, who are adding 
on an extra certification. 



Source: Massachusetts State Department 
of Education. 



Table 1.12 

Percentage of Newly-Employed, But 
Unqualified Science and Math Teachers 



Census Region 



1980-1981 



1981-1982 



Pacific States 


75% 


84% 


Mountain States 

West North Central States 


44 


43 . 


26 


43 


West South Central States 


63 


63 


East North Central States 


23 


32 


East South Central States 


43 


40 


Northeastern States 


11 


9 


Middle Atlantic States 


40 


46 


South Atlantic States 


48 


50 


NATIONWIDE 


. 45 


50 



o 
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Source: James Shymansky, National 

Science Teachers Association, 
Washington, D.C., 1982. 



a serious problem in the Boston area. All of the department chairs 
lhterviewed stated that the pool of candidates was very small and five of 
the eight schools reported difficulty in finding qualified teachers in 
those subjects, especially physics.' "Five years ago, we had over tlrt* feet 
of job applicants' folders and now we have one inch f M reported on 
mathematics department chair. One school system had experienced An ft 
88 percent drop in applicants in all teaching fields in the la'at few 
ye; rs. M We are going to have a terrible shortage of teachers" warned 
th Assistant Superintendent. Many administrators expressed concern about 
th' quality of new recruits. "We're getting the crumbs, M commented' one 
sc Jnce chair. Another -administrator admitted that "today we'll take any 
warm body" to teach mathematics and science. In<feed, the average SAT scores 
of 1981 Massachusetts college-bound seniors who chose education as their 
intended major were abysmal: a verbal score of 383 and a mathematics 
score of 409. 

Few students in Massachusetts colleges and universities are interested 
In becoming teachers. Only 76 seniors who took the SATs in £981 (0.2 percent 
of the test-takers) expressed an interest In becoming secondary education 
teachers. Most of the Route 128 schools studied do not have student teachers 

in science or mathematics, or other subjects for that matter, and many 

i 

schools no longer have a Future Teachers Club. Able students are no longer 
encouraged by tlieir teachers, parents or friends to choose education as a 
ca* ser. The numbers of students graduating in science and mathematics 
ed' nation is miniscule. For example, Boston State College (recently absorbed 
InU the University of Massachusetts at Boston) is graduating no students 
in physics and chemistry education and only one or two in mathematics educa- 
ti i; Northeastern University is turning out no one in secondary physics, 
one in chemistry and one in mathematics; Boston University has a total of 
two students graduating in science education and 11 in mathematics education. 
(In Massachusetts, a trainee in secondary education must major in a substantive 
discipline and can only minor in education.) Lowell University has abolished 
its undergraduate secondary education department and other local schools 
are considering the same option. Half of the new certifications in 
mathematics In 1981 in Massachusetts were veteran teachers "adding on" an 




additional certification, by taking six additional courses, in order to 
save their jobs. Thesle "add-ons 11 are not truly qualified to teach more* 
than introductory courses. 

While officials at the schools stud^d are having an increasingly 
difficult time finding qualified applicants in mathematics and science, 
both thd questionnaire and interview data reveal that tfyey have not. yet 
resorted to misassigning unqualified teachers already on the staff to teach 
these courses. These findings confirm the^ Northeast pattern documented in 
national studies. However, misassignment does appear to be a growing 
problem in junior high. schools were senior elementary teachers with a K-8 
certification are "bumping" less experienced junior high math and science 
specialists. This was the case in four of the seven school systems* 
Several administrators believed that these senior elementary teachers were 
clearly less qualified than the specialists they had replaced. Many expressed 
the fear that ^aisassignmeht would become a problem at the secondary level in 
the future. „ , 

\ ■■ 
Staff attrition is a serious problem in two schools. One of the two 

had lost five math teachers in the last three yeiars to jobs in the better 

paying high technology sector. Another three high schools were losing 

« ... 
approximately one a year fee- such \jobs. Three schools, those in X he most 

affluent communities least affected by budget cuts, claimed that such losses ^ 
*were not a problem, but the chairs expressed concern that it would become 

so in the near future. Their fears are borne oujt in the questionnaire 

survey of teachers which revealed widespread demoralization among 
^mathematics and science staff. The teachers, over two-(^d^3^of whom 
' male, average. 16 years of experience, the same as tfrof national average f\yr\ 

secondary mathematics and Science teachers. By national standards, they 

are an extremely highly educated group:, 81 percent ^compared to approximately 

33 

50 percent of the secondary mathematics and science teachers nationally^* 
have an advanced post-graduate degree, and many have further course work * - 
beyond that. All of the science chairs and two-thirds of the mathematics 
chairs had participated in National Science Foundation programs -of study 
available in the 1960s and early 1970sf. 




Orie of the sources of teacher malaise is apparent from the fact that 
only - seven of 1$8 teachers are under the age of 30 (Table 1.13); Only > 
two of the respondents have four or fewer years of teaching experience. 
One science department did not have a single teacher under the age of 40. 
This age distribution is the source of much concern among those surveyed • • 
According* to the survey, only *4i percent of the mathematics and sciehee^. 
teachers in the Route 128 high schools are planning a permanent career in 
teaching or school administration (Table 1.14). The r^st are either expecting 
to be laid off (12 percent) or are seriously considering leaving, 

teaching* (47 percent). The proportion expressing such feelings varied 
by school: in the. system with the largest budget cut, every matlT"teacher 
who responded to the survey wanted to leave teaching;* in another system, 
two-thirds of the science teachers wanted to remain in the profession. Of 
course, teachers have always had high rates of attrition, but much of that 
was traditionally due to females in their twenties \eaving teaching when 
they had children and males moving up to administrative positions. But" 
these Route; 128 schools have senior staffs who would normally not be - 
expected to have such a high projected turnover. Thus, the fact that almost > 
thrfie-f if ths of tehem are seriously considering a career change is cause 
for some alarm. * 

The percentage of mathematics teachers wanting to leave is the same,,, 
as that of science teachers. However, only 6 put of 19 physics teachers 
in the sample said they want to continue^heir teaching careers*, a lower 
fraction than that of teachers in other mathematics and science fields. 
Ironically, at a time when there is such a shortage of physics teachers, 
four of these teachers believe they are going to be. laid off. Several 
ctv irs commented that when mathematics and science teachers are "tiffed," 
few try to get another teaching job. ("It's the elementary teachers who 
hang on," said one school administrator.) Teachers who are younger and 
less experienced are more likely than others to be thinking about a 
career change. Of the seven teachers under 30, only two believed they 
would stay in teaching. Of those who are considering a career change, 
60 percent said they would seek a Job with a high technology company or 
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Table 1.13 

• : : i 

Sex, Age, Years of Experience and Education of Secondary Science^ and Mathematics 
Teachers in Seven Route 128 (Boston Area) Communities, 1982 ' 

. Route*128 Teachers » 



Sex: Male 69% 

Female. 31% 

Age: Under 30 5% 

30-40 43% 

40-50 33% 

Over 50 20% 



9 



Years of, Teaching Experienci 



16 



V 



Highest Educational Degree: B.A. or B.S. 19% 

1 M. A. or M.S. h% 

.i. ' Ph.D. or Ed. D. 5% 



Table 1.14 

Future Career Plans o\ Secondary Science and Mathematics 
Teachers in Seven Route 128, School Systems 



\ 



Planning a Permanent Career in Teaching 
and/or Educational Administration 

Very seriously considering leaving teaching 
for another field « 

Planning to leave teaching 

May be laid off 



Percentage 
Response 



41% 

22 
'25 
12 



9 
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a job that in some way utilized their mathematical or scientific 
expertise (often in computers). Their reasons for wanting to leave are 
twofold: declining job satisfaction and inadequate salary compensation. 
Typical comments the questionnaire included: 

"I'm tired of tbe long hours and low pay. Nobody except teachers 
care about the. education of children." t 

"Teaching is now a dead-end occupation." 

"I'm tired of teaching and the future iooks bleak." 

"The teaching environment becomes leas pleasant each year." 

"I lovej^teiaching but it's wearing me out. There are too many 
alienated kids to face everyday*" 

"Working conditions are deteriorating. I want to leave Massachusetts 
and its anti-education attitude." , 

"Teaching is a luxury I can no longer afford." 

"There 'is no room for growth, no reward to excellence in teaching. 
Salaries do not keep pace with inflation." 

The most> serious problem, then, in high school mathematics and science 
instruction in these Route 128 high schools is the pqssible dissolution 
of a highly qualified cadre of H teachers with no new cohort' of trained 
w people to take its place. With teaching salariies beginning around 
$11,Q00-$13,000, students with skills in these fields can often find 
alternative employment at almost double that figure. Job security, once 
a strong point of teaching] no longer exists. Moreover, the veteran 
ceachers surveyed felt that the quality of students' work is not improving— 
indeed, two-fifths felt that student academic performance had slipped in 
the last five years. With equipment cuts, larger classes, reductions ±n 
professional development opportunities, it is not surprising that teachers 
r re demoralized, the shortage of qualified teachers in all fields will 
become particularly apparent in the midrto-late 1980s when enrollments 
• b6gin to rise at the elementary level, as a large number of tieachers hired 
during the boom years of the 1950s retire! arid a is the full impact of the 
decline of newly trained teachers is felt. 

The Condition of Industrial Arts and Secondary Vocational Education 

Industrial arts courses and high school vocational training programs 
have problems similar to thpse of mathematics and science departments: a 
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shortage of qualified teachers in certain fields, a loss of teachers to 
industrial jobs in several schools , and inadequate funding for modern 
equipment. Interviews were conducted with occupational-education directors 
in the s^ven Route 128 school systems and directors of two regional 
vocational high schools on Route 128, All of the school systems were 
having difficulty hiring instructors for electronics and computer courses. 
In one high school, all three electronics instructors had left in the last 
three years for jobs in private industry where they made substantially 
higher salaries. Vocational educators are paid $13,000 to $25,000', a 
scale that cannot compete with industrial compensation. Several schools 
had to lay off teachers in the last few years. One system had riffed three 
vocational teachers in 1981-82, one of whom had 25 years of experience..}- * 
As a result of the staff cutbacks the machine shop program was scaled down 
and merged with the program in metal shop. 

Industrial arts and vocational education have been especially hard 
hit by budget cuts. Much of their budget is tied up in equipment and 
supplies which are inflating rapidly in cost. Three school systems had 
relatively good eqt/ipmeht and there were funds to maintain it. But five 
of the nine schools^now have no money to replace equipment. "The budget 
cutting process has been devastating," claimed one occupational education 
coord inatoErwho^had seen his annual capital outlay budget slashed from 
$10,000 to zero. Local tax cuts are compounded in occupational programs 
by\the substantial reductions in federal vocational funds under President 
Reagan. One of the comprehensive high schools has recently started a word 
processing course and an electronics curriculum with federal occupational 
education funds, but the coordinator feared the loss of even that support 
in the future. 

The highly regarded 27 regional vocational-technical high schools in 
Massachusetts are experiencing a real crisis in funding. They derive their 
support from assessments of their member school districts which, during the 
current funding reductions, are more reluctant to give money to a school 
which may take only a few of the district's students. There was no special 
provision made for the funding of regional schools in the Proposition 2% 
legislation, antf these schooTiTgot less state aid proportionally in 1981-82 

0 
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than local' school districts. The first programs to be cut were courses 
that served post-secondary students. But next year, according to a state 
vocational education administrator, the budget reductions will be "getting 
at the heart of program offerings." One super int end erit* said that in two 
years, his schools would have-^to abolish some programs because the current . 
coital outlay budget is $50,000 less than what it should be to keep the 
programs from becoming obsolete. He now spends most of .his time on budgetary 
nutters rather than on curriculum and administration, going from town meeting 
to town meeting pleading for adequate funding. Among other cuts, the school 
hfts eliminated seven staff positions, halved the teacher substitutes and 
reduced late bus service. Another superintendent claimed his capital outlay 
budget had been cut from $100,000 a year to nothing. As a result, certain, 
programs were becoming obsolete, particular*^ the machine shop, A further 
problem that these schools face is increased competition with local high 
schools for students* as a result of declining enrollment. In the past 
the showcase regional vocational-technical schools had waiting lists of 
prospective students, but increasingly they are engaged in an "outright 
war over bodies" with their member districts' high schools. 

Students in the vocational and industrial arts programs are moderately 
responsive to career opportunities in the high technology sector. Computer- 
related courses are popular at all schools. Electronics is heavily subscribed 
a^ vocational schools but is not unusually popular in high school industrial 
arts programs, A 1980 statewide study by Christine LeCam for the state's 
Department of Manpower Development concluded that enrollment trends show 

t at this sector of education is responding to the needs of the high 
34 

technology sector. According to LeCam, secondary enrollments in vocational 
p ograms, which make up approximately 82 percent of total vocational education 
enrollments in the state, have been shifting in the direction of high 
technology courses such as computer-related business and office programs 
and electronics assembly and technician training. Between 1972 arid 1979, 
there was more than a 110 percent increase in enrollments in high technology- 
related occupations at a^jfcime when total vocational educational enrollments 
rose only 50 percent. About ten percent of vocational students were enrolled 
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in high technology programs in 1979, op from seven percent in 1972. 
Thus, at* a time when students are gravitating toward training in high 
technology fields, there is an erosion of staff and facilities needed 
to provide high quality programs. 

Industry-Education Relations * 

Relations between the high technology companies in the Route 128 
area and the local public schools, never strong to begin with, are 
currently strained* Public school administrators and teachers, 
particularly those who are politically knowledgeable, are angry at the 
support that the Massachusetts High Technology Council gave to 
Proposition 2*j in 1900. Indeed, approximately half the companies in 
the Council donated a total of $229,000 "to the Proposition 2*5 campaign, 
60 percent of the total amount spent on behalf of its passage. ^ 
Council officials acknowledge that without their last minute fundraising, 
the measure would no t^ Have passed. 36 Industry officials believed that 
high taxes Were a barrier to the recruitment of desperately needed 
engineers to the Boston area and they supported Proposition '2*$ mainly 
for this reason. They were not intent on reducing resources for education 
believing instead that budget cuts would only eliminate waste and 
inefficiency at the local level. 

ii « ' 

Resentment among educators against the High Technology Council's 

support for Proposition 2*5 still remains high, especially those in 

districts that have experienced significant cuts in their budgets. The 

educators who were interviewed commented: 

"Around here high tech is a nasty word" (a science department chair); 

"I have a terrible hatred for high tech/ 1 (a mathematics department 
chair) ; • 

"I won't sit in the same room with those people" (an assistant 
superintendent); 

"High tech people are not sensitive to morale issues of teachers. 
They should teach here for a week and then talk about morale" 
(superintendent of a regional vocational-technical high school). 

One industry leader acknowledged that the High Technology Council had a 

"black knight image" and had done little to ward-off the backlash. 
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Only two of the public school staff Interviewed had supported 
Proposition 2H\ Officials in the one town whose budget was unaffected 
by Proposition 2\ expressed' little resentment against high technology * 
companies, but they were clearly the exception. 

The attitudes of d\e high technology officials interviewed were 
/orlds apart from those educators when it came to assessments of the 
impact of Proposition 2*s on the public schools. Three-fourths of the 
nanagers expressed the view that the budget cuts would fall only on 
peripheral programs ("mystery novel" courses) and would not have an 
impact on core academic courses such as mathematics and science. Most 
"elt that if academic programs were cut, it would be the result of 
politically mot l^Cted mismanagement and not due to real fiscal shortfalls. 
A minority believed that the budget reductions would harm solid academic 
programs, a process that they claimed would ultimately cause Proposition 2*5 
to backfire on industry. Several bemoaned the losses of music and the 
arts, not only for their intrinsic value but also because they saw a 
correlation between music and Interest in software engineering. 

In addition to the issue of Proposition 2*j, the degree of general 
mutual disregard existing between industry officials and educators forms 
another barrier between the two institutions. Like employers everywhere 
in the country, high technology executives believe that schools are not 
doing a particularly good Job in training students in basic subject areas. 
\lthough educators accuse industry of wanting to turn their schools into 
larrow technical trade institutes, what employers want first is students 
rho have thorough grounding in writing, reading, mathematics, science, 
problem solving and critical thinking. Despite their misgivings about 
zurrent academic performance standards and school curricula, however, 
;he managers interviewed believed that suburban Boston schools were 

.... 'yi; t . 

relatively effective compared to those elsewhere in tfie country. They ' 
singled out the Boston schools as especially poor. Interestingly, their 
attitudes toward the quality of schools were more positive than the 
feelings Silicon Valley employers expressed about the California ^s^TTooIs?^ 

Corporate criticism of the schools centered on beliefs that low 




academic standards and expectations produced mediocrity . Many managers 
felt that "excellence" had been sacrificed/ in the effort to r^ach children 
of all ability levels and backgrounds.. They also criticized guidance 
counsellors' lack of awareness of (employment markets, teachers unions' 
rigidity in resisting alterations in personnel policies and work schedules, 
and school administrators V lack of management skills. Their solutions to 
educational problems included more merit pay for teachers, the abolition 
of tenure, differential salary schedules in order to attract mathematics 
and science teachers, better school management, and the creation of 
scicntlf ically^fnd technically orietyted magnet schools. They generally 
believed that deficiencies in public schools were brought on by poor 
management rather than by inadequate funding. Most corporate officials, 
like their counterparts in California, believed that more money would not 
necessarily lead to better education. And they were not sympathetic to the 
plight! of laid off school teachers since layoffs are such an accepted part 
of the American corporate environment. Again, however, it should be stressed 
that these officials 1 criticisms of schools wete tempered by a general 
feeling of respect for many of the suburban school systems. Expressions of 
outright contempt toward the schools, which characterized some of the comments 
of Silicon Valley executives, were absent. ^ 

Educators' criticisms of the companies focused mainly on the issue of 
their support of Proposition 2*j. Over and over, they repeated that they 
could not understand why firms, which depended on an educated labor force, 
would support a measure the school people saw as detrimental to public 
education. "I can't understand their attitude," said the chair of a science 
department. "Businessmen know money is what makes things happen. You have 
to invest in a saleable product. I don't know what those people want." 
Man v believed that the firra&.must not have realized what the ramifications 
of Proposition 2*j would be when they supported it. And the great majority 
claimed that the Massachusetts High Technology Council* would come to regret 
its actions. Several school administra tors^argued that company officials 
do not understand the importance of teachers' morale in the educational 
process. "Morale is crucial when you can't turn your heat on until 
December 1st because your pay is so low," commented one assistant 



superintendent. "2Vs symbolism is what is important," he added. "It 
tells teachers they're bad and they don't get theitf allowance." 

Other issues emerged in the interviews as well. Like educators in 
Silicon Valley, school officials were aware than industry people held them 
in low regard. "From their perspective, we only graduate functional 
illiterates," complained one administrator. Another assistant super intendent 
consented that "educators are tired of hearing how wonderful the job 
opportuniti.es are and how lousy the kids are." Other views which surfaced 
included complaints that reflect longstanding criticisms of industry by 
sci*ooi people: ^industry's perspective is too short-sighted and too self- 
in* crested; companies are only concerned with immediate profits and not 
long term social concerns; and firms 1 involvements in education usually 
come with strings „ attached . 

Despite this litany of objections to perceived . corporate attitudes and 
policies, most educU^ors interviewed expressed an interest and willingness to 
develop collaborativerelationships with local high technology firms. 
Schools' interests ranged beyond traditional kinds of corporate involvement 
such as plant tours, guest speakers and participation on vocational advisory 
boards. Several wanted/ curriculum advice, especially in computer-related 
areas, summer or sabbatical jobs for science and math teachers, loaned 
faculty members from industry, scholarships for math and science teacher 
trr. 'uees, gifts of equipment, work experience placement for students, and 
br< :d political support for public education. 

There are significant pockets of collaboration between high technology 
cov anies and some school systems in the Boston area, but companies admit 
tht* : when they do choose to become involved with educational institutions, 
the ' prefer to Invest their time and money in university computer science 
and engineering programs. And even small Industry-education projects take 
a long time to get off the ground, ('fit takes several meetings to get a 
$45 bus for a field trip," complained one vocational eduqator.) Both 
companies and schools lack personnel who can devote large blocks of time 
to industry-education relations, particularly since the onset of the 
recession in the private sector and budget reductions in the public sector. 
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School officials are unsure whom to approach in a company ("it is a 

■*» ' , l 

i * 

mysterious process 11 ) and claim that contacts are piecemeal and happenstance, 
often dependent on a personal' connection. Few mecjianisms have been set up 
by third party groups to foster ties between the two institutions. High 
turnover of personnel in these dynamic companies also hinders the development, 
of long-term collaborative efforts. "ljt ? s hard to relate tq a body rotating 
through a position," lamented one school administrator.' Furthermore, managers 
in firms who do take an* active interest in educational programs with the 
public schools' are usually only marginally influential in their own cotopany. 
They are not in a position to commit company resources to> promising programs.' 
Mo3t school-corporate attempts at cooperative relationships are "still at 
the talking stage" and many founder as a result of mutual lack of follow- 
through. * 

Nevertheless, some industry-education programs at the secondary level 
have been successful. The most common kind o£ collaboration exists as a , . 
result of state-mandated employer advisory boards for vocational curricula* 
Most of the vocational educators in the systems studied felt that those 
boards were useful. One school system also had an advisory board of members 
of local industry which met twice a year to discuss the system's computer 
curriculum. That same system had an employee from a local computer consulting 
f^rm teach an after-school advanced programming class at a reduced rate. Prime 
Computer had helped with the electronics curriculum there also. Student 
co-operative placements were common with high technology companies at one of 
the regional vocational schools studied* 

One of the comprehensive high schools had viable relationships with 
several high technology companies through the occupational education director 
and a project of EdCb (a non-profit educational collaborative operating on 
external grants) located in the school. The school had worked with 
Computervision, Millipore and the Massachusetts High Technology Council on. 
career awareness programs for students and teachers; six or seven companies 
had helped the school develop a curriculum for a federally funded electronics 
assembly program; other companies had assisted in deVeloping a more advanced 
electronics course; and the school is a member of the Greater Boston High 
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Technology Forum, a collaborative focusing dn career awareness and curriculum 
development set up by the High Technology Council in conjunction with a 
regional center ♦of the State Department of Education. The occupational 
education directdr at this school, who devotes substantial amounts of time 
and effort to developing ties with industry, was able to build such ties 
by baing persistent in finding the right person to contact in a company, 
and by becoming involved in any relevant industry-education collaborative v 
he hsard about. He felt that if one does find the right company contacts, 
"man/ industry people will give of their own time and good things happen." 

Only one of the sixteen mathematics and science departments studied for 
thin report had solid contacts with high technology companies. One science 
department had recently received a $4000 gift of new glassware from, 
Mobil-Tyco, gifted and talented seniors" were occasionally placed in unpaid 
internships at Data General and Mobil-Tyco, and GTE Sylvania had just begun 
a program of hiring science taachers during a sabbatical year or during the 
summer • 

In addition to the collaborative programs noted in the schools studied, 
there are other efforts elsewhere in the Boston area. The Massachusetts 
High Technology Council, largely through the efforts of its human resources 
consultant, B. J. Rudman, has spearheaded some initiatives. High Technology 
Forums, which bring together educators and industry people to work on career 
awareness and some curriculum he}p, have been organized in several regions 
of the state. The Council. has also helped write the curriculum and served 
in un advisory capacity *f or state-funded computer programming courses for 
ial.l off school teachers. Raytheon Data Systems in Norwood has for four 
years run the highly successful "Project Access" involving several hundred 
st" ents in four local school districts. The company helps train students 
in tout in e coding tasks of software programming and theq hires them as 
paid, interns and part-time workers. Eventually, some graduates will \e 
hired full-time by the company. A representative of Wang Labs is on Che 
steering committee planning a high technology magnet school in Lowell. * 
Analog Devices, Codex and The Foxboro Company are a^fclve in the Business 
Education Collabora ive (BEC) begun in I980\with ^evpfral local school 
systems which focuses on career awareness ana^^cip^iculum development. 
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Polaroid, long considered one of the more philanthropically-oriented 
high technology firms, gives numerous small grants to many kinds of 
schools, including day care centers, through the Polaroid Foundation. 

It is widely acknowledged that Digital Equipment Corporation (DEC), 

• - - ■ #■ 

the third largest high technology employer in the state (24,000 workers) 

* * 

behind Raytheon and General Electric, is the leader when it comes to -* 
industry-education relations. DEC's reputation is something like that < 
of Hewlett-Packard's in Silicon Valley. The company is involved in a 
range of programs: scholarships for students; 4 ona tions of equipment 
to schools; help with curriculum development, particularly in the area 
of Computer literacy, at schools near DEC plants; and loaned personnel. 
DEC has contributed $500,000 worth of equipment to the Humbert Humphrey 
Occupational Resource Center in Boston and has loaned a person to put in 
substantial amounts of time on curriculum development there. 

More recently, there has been a slowly developing awareness among 
some corporate officials that a crisis exists in pre-college mathematics 
and science programs. Robert Henderson, the Chief Exective Officer of 
Itek Corporation in Lexington, has been the leader among New England 
business people in articulating this issue. And there are indications 
that new cooperative initiatives are„about to emerge connecting high 
technology firms to schools under the auspices of the Greater Boston and 
Northeast Regional Centers of the State Department of Education. However, 
in contrast to issues surrounding engineering education, no^ndustry- 
e lucation consensus has yet crystallized on the nature of the secondary 
school problem and its solutions. 

There has been a good deal "of talk in recent months by national and 
local political leaders, including President Reagan, about "shared 
responsibility" and a "new partnership" between schools and industry in 
order to cope with public budget shortfalls. Schools and social agencies 
are expected to turn for help to the private sector now that government , 
support is diminishing. This notion, however, ignores the substantial 
barriers that exist between industry and educational institutions. These 
barriers are generally more numerous in new, hi^^ growth companies than 
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in mature firms. Aside from those already discussed, several major 
obstacles stand in the way of long-term collaborative relationships. 
First ; of all f the very dynamism, innovation and rapid growth which 
characterize most high technology firms undermines attempts at extra- 
institutional ties. These companies, many of whom have growth rates 
exceeding 30 percent a year, operate in a competitive environment 
under ^he intense pressure to get new product s^JLnto the market. One 
company studied, for example, develops a new product every 12 working 
days. The firms need their cash to put back into research and develop- 
ment and need to focus their energy on the central task of the company. % 
Outreach to schools in this context, except by large older companies 
like Raytheon, is of rather peripheral concern. 

Moreover, rapid- techno lpglcal change, the newness of many companies, 
frequent changes in company organization (mergers, spinoffs, etc.), 
the unpredictability of workforce needs, and the ever-present vicissitudes 
of the market lead to short-term planning cycles. This present-oriented 
planning perspective contrasts sharply with the stability of the schools 
which tend to operate on five-year planning cycles. Such different 
temporal perspectives inhibit the development of viable ttes between 
high technology industry and education. In addition, It is difficult 
for institutions at such different points in their history to interact 
productively: schools are declining in enrollments test scores, and 
financial support, while high technology firms are the current success 
story of the American economy. WithWne institution on the upswing and 
the other "in a dismantling mode," as one educator put it, it is hardly 
an atmosphere conducive to harmonious relations. 

School officials generally see additional government financial aid 
as a solution to major educational problems. Congressional passage of 
the National Defense Education Act /and the substantial programs of the 
National Science Foundation in the late 1950a provided significant 
support for public education when it was appa^nt there was a crisis 
in science and mathematics education. Once again, educators feels they 
need such federal and state funds to finance revitallzation of those 
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subject areas. Yet the conservative "small government" philosophy ^ 
\^business causes them to oppose, new government spending programs in 
domestic areas. It is not likely tftat industry will provide broads 
political support for greater educational spending by government until 
the situation dramatically worsens. Believing that better management 
and not more money is the solution, business yill probably^ confine 
their support to a fairly sipall percentage of companies helping 
specific schools with special programs. And for those companies that 
do choose to plow ,some resourced into; secondary schools , they face the 
problem of choosing an effective intervention strategy. Unlike 
engineering schools where specific problems N are obvious and where 
corporate efforts can make an immediate difference^ public schools/, 
are large amorphous institutions that are relatively impervious to 
change from small-scale, intervention programs. . 

To conclude, public schools in Massachusetts, which until now 
have been fairly strong Compared t^b other states, are in a state of 
Recline. Even suburban schools located in the heartland of the high , 
technology belt on Boston's Route, 1&8 are experiencing a deterioration 
in the teaching environment. At a point when industry, stands at fhe , 
threshhold of a new microelectronics era, schools look back to an 
eatrlier time as their golden. age. . ** /. 
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• . II. TWO. YEAR POST-SECONDARY SCHOOLS 

: . While Massachusetts has historically been generous in its connftitmerit 
to public elementary ahd secondary education, the opposite is true when it 
comes to public higher education. Enrollment in private Institutions ^of 
higher educationNhas always beemhigh in New England, 49 percent now compared 
~ • to 22 percent nationwide* ^ ' Massachusetts ranks 44th among the states (and 

District of Columbia) in its percentage of full-time students whd are enrolled 
in institutions of public higher education. This emphasis on private education 
is one reason why state funding for public higher education is so low. The 
most recent figures available show that Massachusetts ranks 34th among the 
states in its appropriations per student, spending about $1000 less per pupil ^ 
than the national average. And it ranks 51st in the percentage of state tax 
revenue it spends on higher education, 

K The sitution in California contrasts dramatically with that of Massachusetts, 
While Calif ornia. ranks near the bottom in its effort to fund public schools 
(K-12)^ it is fourth in appropriations per public college student and k tenth 
in its percentage of tax revenues devoted to public higher education. It is 

third among the states in its percentage of people enrolled in public higher* 

2 ' • 

education. 

Massachusetts also varies from the national average in its mixof public 

student enrollments by type of institution, A smallet percentage of students \ 

^ enrolled in public higher education in the Bay State attend community colleges, 

/ . . 3 
25 percent, compared tp 36 percent nationally and 52 percent in California, 



The -Massachusetts community college system, which has only been developed in the 
last two decades, has been notoriously underfunded. Faculty Salaries, which 
average approximately $19,000, are below national norms for community college 
compensation. Salaries of community college faculty in Silicon Valley average 
between "$25,000 and $30,000, The fifteen schools have comparatively small 
enrollments and some have shockingly inadequate physical plants. The "campus" 
of Boston's Roxbury Community College, housed in a condemned nursing home, and 
that of Middlesex Community College on Route 128, located in -a Veteran*^ Hospital, 
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stand itf stark contrast to the beautiful and well-funded community colleges 
in and around Silicon Valley. Approximately 7,000 day^and part-time evening 
students are served by: Boston* sT two community colleges^ compared to^ more than 
24,000 students in San Jose, California, a city roughly the same size as 
Boston. The community colleges have played a major role in California's 
economic development both in training new workers for industry and in re- 
training older employee^. But because community colleges have" been so 
small and ill-equipped in Massachusetts, profit-making proprietary schools 
and other education and training institutions' (Wentworth Institute of 
Technology, the tw* year programs of Northeastern University, CETA programs, 
secondary vocational-technical schools, company in-house training) have 
played a more 'important role in vocational education. For example, Sylvania 
Technical Institute, a proprietary school, has long been the major source ^of 
newly trained electronics technicians in the Boston area whereas the bulk 
of such training in Silico^. Valley is done in public, tuition-free community 
colleges. 



Community College administrators have learned to run courses on a shoestring. 
Lacking money from their regular budgets, they often offer 'courses on a revenue- 
generating continuing education basis. And most of the money used to start up 
new technologically-oriented programs in the last few years has come from federal 
occupational education funds administered by the State Department of Education. 
These funds, however, are diminishing as a result of federal budget cutbacks. 
Several of the colleges in the Boston area are having to turn away students be- 
cause of inadequate space or lack of permanent faculty. For example, Massachusetts 
Bay Community College accepts only one of every three students who apply and 
Roxbury, Bunker Hill and Middlesex Community, Colleges <yre oversubscribed. 

Enrdllments in High Technology Programs 

All of the post-secondary training sources in the Boston Area, are expanding 
"programs and course offerings in fields relevant to high technology. Wentworth . 
Institute of Technology, long regarded as a source of well-trained technicians, 
is planning to double its enrollments to 5,000 students in the next four years. 
Sylvania Tech expanded its electronics technician training by one third in'l979 
so that it now trains about 2000 students a year in its nine month, program. 
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Control Data Institute, a proprietary school preparing students to be 
computer^ programmers^ computer technicians and operators , grew by one ~ " 
third in 1981. Blue Hills Technical Institute, a public two year 
institution with 560 students has experienced a significant upsurge of * 
student enrollments in its electronic technician and computer programming 
associated degree programs even though its tuition was raised from $500 to 
$2000 after the passage of Propositioh 2h. The fifteen community colleges 
have more than doubled their enrollments and degrees awarded in technology- 
related programs (mostly in computer programming, data processing, electronic 
technology and engineering transfer programs) since 1976 (Tables 2.1 and^ 2.2). 
And the disbursement of federal occupational education funds administered by 
the state to secon3ary and post-secondary schools has shifted in the' direction 
of funding programs in high technology areas in the last few years. 

All of the f£ve Boston area community colleges studied in this project 
reported increased enrollments in electronics courses and even greater 
increases^in computer-oriented programs. Several schools, particularly 
Northern Essex, Bunker Hill, and Middlesex have made a concerted effort to 
develop new programs in high technology areas. Middlesex, for example, has 
courses to train ultrasound technicians, electronics technicians, electro- 
mechanical drafters, radiologic technicians, computer operators and people 
in technical writing software. It also has a number of small short courses 
of study in fields such as word processing run through Continuing Education 
or the Community Service programs. Bunker Hill and Notthern Essex offer' 
programs to train technicians and have courses in various data processing 
technologies. Northern Es(se^ has 550 night students using the electronics 
and other, technical equipment at the Greater Lawrence Vocational-Technical, 
School, one of the few good examples of a community college degree program ^ 
that has linked. up with the better-equipped" facilities of the vocational- 
technical schools. Northern Essex has become particularly adept at 
securing external funds from a variety of sources, including CETA>, in order 
to develop new programs. Massachusetts Bay, -new to the development of 
technology-related courses, now offers a popfular computer science major, 
training for test technicians, and a word processing program. Roxbury offers 
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Table 2.1 



Massachusetts Community College Enrollment Per Year for 
: ~~ _ Engineering Related Programs, 1976-1982 



Year 



El ec troni c/Comput e r * 
Technology 



Engineering- All 
Transfer Programs Others 



Total 



1976-1977 
1978-1979 

1980- 1981 

1981- 1982 



459 
559 
929 
1,182 



352 
460 
672 
741 



1,251 
1,228 
2,193 
2,309 



2,062 
2,247 
3,794 
4,232 



*Includes: Electronic Technology 

Computer Maintenance * 
Electro-Mechanical Tefchnology 
Instrumentation 



Source: Massachusetts Bosrd of 

Regents of Higher Education 



Table 2.2 

Associate Degrees Awarded in Technology-Related Fields 
Massachusetts Community Colleges, 1977-1981 



Mechanical and 



Data-Processing 



Year 


Engineering Technologies 


Technologies 


Total 


1977 


293 


134 


427 


1978 


499 


158 


657 


1979 


477 


176 


653 


1980 


479 


275 


754 


1981 


541 


380 


921 



Source: Massachusetts Board of 

Regents of Higher Education 



a program in electro-mechanical drafting and has a sprinkling of other 
technical courses. It has long range plans, in p^rt dependent on the 
building of a long-promised new_ campus^, to link up 7 in a major-way with -the - 
facilities of Boston r s Hubert Humphrey Occupational Resource Center for some 
occupational education programs. 

Given the fiscal constraints of all of the community colleges and the 
limits placed on some of them by their inadequate physical plants, it is 
remarkable that the schools have been able to respond to the market for technical 
training as well as they i^Ve. Some feel, in fact, that they are training 
beyond their capacity as students line up for a limited amount of time on 
computer terminals. The effects of chronic underfunding are apparent at all 
of these schools. The Roxbury Community College facility is totally unsuited 
for technical course offerings, and the college is forced to offer mostly 
liberal arts classes. Moreover, since its founding in 1973, the College has 
not received a fcipgle p*nny for capital expenditures. Though this scandalous 
treatment is not repeated to the same degree elsewhere, other colleges have 
similar complaints. All claim they have difficulty in hiring technical 
instructors at $15,000 to $17,000 salaries. As a result, many rely on hiring 
retirees. And all report critical understaf f ing, one result of which is a 
lack of personnel to develop cooperative programs and to, seek donations from 
industry:. One school was relying on two inexperienced volunteers to approach 
industry. Another school had to turn away 600 students from computer courses 
in one year because of a shortage of faculty. Some programs, such as micro- 
wave technician training, cannot be offered because the equipment is too 
expensive to purchase, and because companies have not volunteered the use 
of their own equipment for colleges^ training purposes. 

The impact of underfunding is dramatically illustrated by the plight of 
one small, new electronics technician graining program at one of the. schools. 
Because there is no money to hire more than two pernianent faculty, the course 
of study cannot be expanded to a full two year degree program. There is no 
laboratory assistant and there is no money for service contracts for repairing 
equipment. For a year and a half, the program director, who has many other 
responsibilities*, was without even a telephone £or making calls outside the 
college. Not suprisingly, an employer advisory board for the electronics 
program has never been established. According to the administrator, 
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"I shouldn't be running this program* I don't know anything about electronics 
and computers. I can't talk about it intelligently with other people in the 
field." As the interview was being conducted, his office had to be vacated 
due to flooding from a rainstorm. Contrast this with information in a 
letter received by the researcher in the fall, 1981, from the director of 
an electronics technology program at a community college in California. 
"Our electronics program has now grown to ten full time instructors and we 
will hire two more next fall. Even with this expansion, we had to turn away 
more than 1000 students eachWf the last two semesters, " The capacity of the 
California community colleges to have large, high quality programs far 
outstrips that of Massachusetts. 

*»■ ' • 

Relations with High Technology Industry 

As with public secondary schools, there are pockets of constructive rela- 
tionships between the community colleges and high technology firms. Some of 
the schools have been involved in contract courses with a specific company 
whereby the college provides. the upgrading training of some employees. For 
example, Northern Essex has provided such training for Goul^-Modicon, Western 
Electric; Compugraphic and Varian, and Middlesex Community College has provided 
similar services to Honeywell, Western Electric and Digital Equipment Corporation. 
Bunker Hill has conducted training programs for technical ^workers with Honeywell 
Information Systems. Wentworth Institute, the oldest (founded in 1904) and 
largest (approximately 3000 students) of the non-proprietary private two year . 
technical schools in the area, has conducted many such courses over the years. 
Seven of the community colleges, in cooperation with member firms of the 
Massachusetts High Technology Council, were also recently involved in CETA training 
programs in electronics technology. Middlesex Community College conducted a 
successful five month technical writing software program for laid-off school 
teachers. It was partially funded by federal occupational education funds and 
curriculum and instructional help from high technology companies, particularly 
Data General, Honeywell and Digital Equipment, 

The tftate-funded Bay State Skills Corporation has also brought together 
several community colleges and high technology companies in joint training 
efforts. The Corporation was the brainchild of George Kariotis, Governor Edward 
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King's Secretary of Economic Affairs and a former high technology executive 



himself. The state legislature set up the Corporation in 1981 and gave it 



$3 million dollars over a two year period, to be matched by: industry funds, 
to develop programs in high growth fields. The hope was that educational 
institutions at all levels would plan courses of study and then approach 
companies 'for students and matching aid. Tfie effort has met with mixed 



success. Dozens of programs 'have been funded such as one in which Bunker 

Hill Community College provided training to upgrade assemblers already on 

the job at Data Printer Coporation. Another matched Roxbury Community 

College and Stone & Webster in an entry-level training program for electro- 

mechanical drafters. However, some schools have been slow to develop 

proposals and many companies have been reluctant to come up with cash. Many 

firms shy away from any program funded through a government agency. Schools 

sometimes have difficulty gearing up on short-term notice Cor one-shot 

programs. Response to the Corporation, "however, has been more positive 

among both industry and education people than a similar but more bureaucratically~ 

encumbered effort (CWETA) in California. 

A number of the colleges have active industry advisory boards, some of 
which work well and some of which do not. A common complaint among community 
college officials was the lack of money to hire staff who could nurture those 
advisory relationships. Most of the two— year schools have at least one member 
from h^gh technology firms on their Boards of Trustees. But few* companies have 
donated equipment or have given other kinds of contributions to the community 
colleges. A major exception to this is the recent $3 million gift of 
new computer equipment by Wang Labs to each of the state's public institutions * 
of higher education* All of the recipients have acknowledged that the ..gift will 
be a significant addition to their facilities. Digital Equipment donated loaned 
personnel and equipment to Roxbury Community College and Middlesex Community 
College. And the Massachusetts High Technology CodncJ.1 designed an electronics 
curriculum guide for technician, training prcygrams. Overall, however, firms have 
donated fewer resources to the community colleges than their corporate counter- 
parts have in Silicon Valley. And the Boston area schools have beeti less, 




likely to provide on-site training for. the companies. 




The corporate managers and political leaders interviewed generally believed 
that the Massachusetts community colleges were making a real effort to respond 
to the workforce needs of the high technology sector. Most realized that the 
colleges were operating with less than adequate facilities and budgets. Many 
claimed that of all sectors of education, the community colleges were most 
responsive to industrial shifts. They usually added, however, that there were 
several colleges which have done little in the way of technology-oriented 
education. The one school that does specialize in technical training, 
Springfield Technical Community College, is located outside the belt of 
high technology companies. Industry leaders who are familiar with the 
problems of community colleges recognize th^t the schools need more money 1 
In order to offer a range of programs that are congruent with market needs. 
And all observers agree that the community colleges in Massachusetts have a 
status lower than that of similar Institutions in other states, particularly 
California. 

Community college officials for their part expressed eagerness to offer 
programs that would prepare students for jobs in, high growth companies. They 
felt that such jobs represented the wave of the future and believed a share *of 
the school's resources should be ^committed to technical training. Only one 
college administrator expressed reluctance about jumping on the high technqlogy 
bandwagon: "1 am always fighting attempts to make this a technical institute. 
We want to leave some room for the liberal arts." Scnool officials believed 
that they had the capacity to be flexible }n the length and content of course 
programs and could add on new programs through the self-supporting mechanism 
of continuing education, an enterprise enrolling approximately 50,000 students 
across ttW state, fixxt with reductions in federal occupational education money 
and CETA funds, the outlook for growth from other external funding sources 
seems bleaker than before. ^ 

High Technology Influence on the Board of Regents 

One Issue that has come up repeatedly in the mass media and in meetings 
of faculty, students and other public college of ficials is whether or 'not the 
newly-appointed Massachusetts Board of Regents of Higher Education is "controlled 1 
by high technology exectives. The Boston Globe referred to the M high tech 



entrepreneurs who now dominate the state Board of Regents" in an editorial 
entitled "High tech's higher ed" (February 15, 1982) . Another article cited 
observers 1 worry that the "curriculum is being-skewed to turn out qualified 
employees for high tech jobs at the exp&QBe of other disciplines" (September 27, 
1981) . Apiece in the Boston Phoenix was entitled "Just married: the high 
tech/higher education honeymoon" (April 28, 1981), Of the fifteen members of 
the Hoard of Regents, all appointees of Governor Edward King, three fere from 
high technology firms: David Beaubien, Vice President of EG and G, Ray Stata, 
Chief Executive Officer of Analog Devices and founder of the Massachusetts 
High Technology Council; and An Wang, founder of Wang Laboratories, 

Debates about the future direction of the curriculum in public higher 
education generally run to one of two extremes: one view paints public higher 
education, especially its tenured faculty members, as insensitive and unwilling 
to change curricular directions to meet market forces; the other view holds 
that there is a coordinated effort by high technology firms, through their 
members of the Board of Regents, to turn the colleges and universities into 
a "training ground for Dr. Wang*" Jndeed, as an example of the latter view, 
one community college administrator interviewed said "I resent governors 
who make college presidents turn institutions over to industry to train 
cogs In the wheel of American industry." But the great majority of public V 
college administrators interviewed believed that while the high technology 
industry executives on the Board hid more influence than others, they did 
not * control " the Board. All agreed that the influence of the high tech 
regents on Governor King was crucial in getting the Governor to recommend 
a 10 percent increase in the 1982-1983 budget for public higher education. 
Since the proposed budget increase was meant to cover faculty salary 
Increases as well as the expansion or development of technology and health- 
related programs, administrators did not ^ee the executives' support as 
being totally self-interested. Almost all favored the presence of high tech 
people on the Board because they believed they would become influential 
and forceful advocates of public higher education. They also were nearly 
unanimous in pointing out that after their appointments as regents, the 
executives had educated themselves about both the real budgetary problems 
of the schools and the schools' capacities to run solid programs. 
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The extremes of this debate show that, at times, "business and education 
are critical to one another without good found their position," in 

the words pf one high technology regent. For example, contrary' to what many 
business people think, college enrollments in elementary and sBCondaTy y ^ 
education have been dropping since the mid-1970s. iPHook atroth^ enrollment 
figures in community college, programs and those of public colleges and 
universities show that there have been many significant changes in students' 
curriculum choices In 'the last £ew years. The charge the Massachusetts 
public colleges and universities are being transformed into technical 
training institutes is also ill-founded. In fact, the system untiL recently 
has had few technical training programs available to student? , forcing them 
to attend more expensive private schools or proprietary schools if they 
wanted such training. The public engineering programs , for example, which 
Students take for granted in midwestern and western states, have been in 
short supply in tiew England. While San Jose State University offers a full 
range of engineering majors to hundreds of students in Silicon Valley at a 
very low cost to the students, citizens who live in Boston have no local 
public engineering school. The Massachusetts state colleges fcave been 
particularly lacking in technology-oriented offerings. Such programs at 
community colleges are still relatively new and small. Thus, what is 
happening is an attempt by the Regents to build some balance into a system 
that has long denied many of its students access to programs that would 
lead to good jobs. Moreover, it should be pointed out that Regent David 
Beaubien is considered an advocate ,of a broad liberal arts education and 
even Ray Stata, the leading spokesperson for high technology industry in 
Massachusetts, speaks of the need for technical education to increase the 
humanistic content'of its required courses. 4 . Stata also was singled out 
by many of the educators Interviewed as being particularly well-informed 
and attentive to the problems of individual schools, although they also 
were quick to add that his long-range social vision was atypical of 
business leaders. 

Barriers to Industry-Education Cooperation 

Although community colleges are generally willing to adjust their 
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curricular offerings to fit 'employment opportunities in high growth areas 
and administrators have positive feelings about the high technology Regents r 
aTnumFe^ and tfie~ schools exist nonetheless. 

The community college people feel they get very little from the companies in 
any way. They believe, correctly so, that corporate concern is focused on 
engineering and four year computer science programs. Some dislike what 
they perceive as the arrogance of companies when they are approached by 
education ("they see us as failing 11 ) and noted that when schdols contract 
to provide a course for campanies there is a built-ixi— doMnation by the 
private firm. One continuing education difcecTor was concerned that such 
contract courses had to stay off certain controversial topics such as 
health hazards on the Job or labor union activities or were steered away 
from broader theoretical training that would give an employee more flexibility. 
His concerns were echoed by a corporate manager who felt for these same 
reasons that schools should be careful to maintafri their independence in 
on-site contract courses. * 

Other barriers were cited. Company turnover was a problem for some. In 
one employee upgrading program taught on-site at a company by a community 
college, the firm's coordinator phanged three times in one year. "We might 
as well pencil on their names/ 1 complained the electronics instructor. 
However, complaints about corporate turnover were not as numerous or intense 
as those' of Silicon Valley educators. Most of the community college 
administrators believed that the firms were not generally interested in 
usinp their services to upgrade their employees. "Once a company hires 
a training director, all is lost," lamented one administrator. Others -cited 
the difficulties in finding the right person to approach in a firm. The 
sporadic nature of company workforce needs also created problems for 
administrators trying to plan programs. Thus, overall, the two year schools 
felt that the great majority of high technology firms in the area were not 
interested in collaborative relationships with them at the moment and had 
little commitment to helping them with donations of money, equipment or 
personnel. It is possible that more cooperative training programs will 
evolve in the future as mediating third party groups such as the Bay State 
Skills Corporation or the Council for Northeast Economic Action become more 
active in matching up schools with firms. 
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A Note on Workforce Projections 



Government and industry forecasts have been projecting an -increased 
need for a variety of ^killed technicians in high growth areas such as the 
health and electronics industries . A troublesome issue which emerged from 
the interviews, however, was the question of whether or not there was a 
shortage of electronics technicians of various kinds (e.g., manufacturing 
test technicians, field service technicians, computer maintenance technicians). 
Every type of training institution — private, proprietary, CETA, and public 
colleges — has experienced some difficulty in placing their technician graduates 
in jobs during 1981-82. The problem is not severe, (Sylvania Tech said its 
graduates now had only one or two job offers rather than the five or six 
they had in previous years), but enough slack in hiring exists to make 
school administrators nervous. This is especially true for those institutions' 
who have expanded their training significantly or are in the process of doing 
so. Christine LeCam's 1980 study for the Massachusetts Department of Manpower 
Development also questioned the need for increasing the supply of newly 
trained technicians . ^ 

Executives at several companies said they did not .anticipate either a 
sh^rt-term or long-term demand for technicians, especially manufacturing 
test technicians, and cautioned that educational administrators should 
not expand programs too quickly. They felt that schools should aim for 
small programs of high quality. A human resources manager with recent 
experience in two companies pointed out that there has been a dramatic drop 
in the need for electronics technicians in those firms in the last year. 
At the same time, other high technology companies claim they have a continuing 
demand for technicians. 

Obviously, the current economic recession is a major reason for the 
recent softness in the market for electronics technicians. Changes in 
technology have altered the work of technicians in some companies. For 
example, the products of one minicomputer company are Increasingly manufactured 
with ,f built-in diagnostica 11 that inform a field service technician what is 
malfunctioning. Instead of determining what is wrong with that self-identified 
circuit Hbard, the technican simply replaces the whole board. These "built-in 
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diagnostics 11 and the policy of "board swapping 11 has the result of reducing 
the skill level^jneeded in the technician's job* "Advance maintainability, " 
building products in a way that' they can easily be repaired, is .becoming 
more common. Since almost half of all technicians work, on. repair of some 
kind, these technological changes Jiave important Implications for that 
occupation. Companies vary in the degree to which 'they have de-skilled 
technician's work. Even among fitms manufacturing the same product, there 
are differences in how far they have proceeded in these and other technological 
changes. Hence , employment projections for technicians can vary substantially. 

At the same time there are countervailing, trends which argue for both 
greater numbers of technicians and high skill levels among them. Applications 
of computers to various areas of human activity are just beginning to occur, 
and many of those applications will require technicians to help develop and 
maintain them. Products are becoming more complicated and a certain percentage 
of technicians will have, to understand the way they operate. There is also 
some awareness among executives that many tasks which engineers perform could 
be farmed out to skilled technicians, thus alleviating the engineering 
shortage. At the same time, of course,, the. demand for technicians would 
Increase. External political forces will make a difference: the Economics 
Department of the First National Bank of Boston' has warned that the* newly 
proposed defense program of President Ronald Reagan could exacerbate critical 
labor shortages. Should large defense- contracts come through In New England, 
there will be stepped up/ demand for electronics technicians. 

Some of the same questions have been raised in the area of entry level 
training for computer programmers who are in less than a four year computer 
science program. Again, there Is widespread agreement among trainers that in 
the Boston region at the moment people trained in 'fairljfc short-term programs 
are having some difficulty finding their first job. Wheff they are hired, It 
is usually with a "user" firm (a bank, an insurance company) and not with 
a high technology manufacturer. Entry level technical writing Jobs are not 
plentiful at the moment either. This mixed picture makes it difficult for 
educatlondl administrators at various levels of training to make decisions 
about the allocation of resources to training programs. It is clear that 
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educators need to keep in regular touch with a representative sample of 
employers, especially, in the area of test technician training. It would be 
unfortunate if Massachusetts began to produce an over-supply of entry-level 
technicians as; is now happening in Colorado, ^ 

To conclude, ' the importance of community colleges and other one-to-two 
year post-secondary educational and training institutions tq the region 1 s 
economic' development cannot be exaggerated/ Graduates of .these programs 
tend to femain in the are;a, ^nd the resources of these fac^litfes can* be 
used not only for educating young people but also for the restraining of ... 
adult workers as technological changes altej woYk requirements. But as yet, 
the two year schools in Massachusetts have not- received th£ attention and 
resources that have been more richly testowed on their counterpart "institutions 
in many other states. * * . ■ ' 
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III. ' FOUR YEAR COLLEGES AND UNIVERSITIES 



High technology industry l^c^rs; have been -very yocal in recent yeats about 
the shortage of newly-trained engineers and computer scientists at the 
university level. The California-based American Electronics Association 
and the Massachusetts High Technology Council, haye publicized their 
members companies 1 future employment forecasts which show a significant 

shortfall of trained personnel."^" The J mass media has had numerous 

■ . . ■ • • • • • » * * 

articles on the promising job opportunities for engineers, especially ( 
electrical engineer^, and college trained computer .science graduates. 
Business people have been critical of the private and public colleges 
for not haying programs of sufficient quantity and quality in these 
fields , "although those criticisms have become muted in the last year as . 
student engineering and computer science enrollments swell^and as 
corporate leaders ,become aware of the fiscal constraints which limit 
the ability of the four-year schools to respond to market forces. / 

New England has v long been known as a center for higher education. ' 
Billed as "the most knowled^-intensive region in the world," the region 
has 260 colleges and universities educating 800,000 students, 25 percent 
of whom migrate* to the area- from other parts of the country. New England 
has the greatest number ,of institutions of higher educati6n per capita 
of any region in the country. The view that New England's major 
resource is its educated labor force has received a ^ootf deal of attention 
recently, most^fiotably f rom the New England Board o^Jligher Education * 
which Jias \fc^ued several recent- publications on the subject."^ • Political, 
educational and industry leaders have been stressing that since the 
strength of the* economy is based on a well-educated pool of labor, it' 
is essential that cblleges and universities not only maintain strong * 
programs in traditional liberal arts fields but also expand, upgrade hnd 
develop technology-oriented fields of study. Many states across the 
country, urged on by their governors, are scrambling to reorient higher 
education in a more technical direction in order to retain and attract 
high technology industry. Increasingly, then, college programs are seen 
as a tool of regional economic development. 



^ New England's schools already educate a disproportionate share v of 
the nation's engineers according to data assembled by Joan Grebe of the 
New England Board af Higher Education • Although California educates 
more engineers at all degree levels than any other state, Massachusetts 
ranks sixth among thfe states in awarding undergraduate engineering 
degrees, third in Master's degrees and fourth in doctoral degrees • 
The Massachusetts Institute of Technology stands first in the country 
in awarding ^engineering doctorates and second in granting master's 
degrees. Electrical engineering, which accounts' for 27 percent of all 
engineering degrees granted in New England, is the most popular f ield * 
of male engineering students at every degree level but ranks third among 
the rapidly growing numbers of female engineering students. Abo#t half 
of New England's students in colleges and universities are enrolled in 
private institutions, and those schools award two-thirds of all 
engineering degrees. The proportions are more equal when only under- 
graduate degrees are considered. 

Enrollment Trends % ^ 

The message conveyed by the mass media that well-paying engineering 
and computer science jobs are plentiful has n&t been lost on students. 
Attentive to the job market, college students across the country have 
been flocking to majors in these fields. Engineering is now the mos.t 
popular intended area of study among male high' school ^.niors taking 
the Scholastic Aptitude Test (Table 3.1). Approximately 22 percent 
nationally chose engineering, with similar percentages, doing* so in 
Massachusetts and California. Only three percent of the females, however 
indicated the same. Another seven percent of the males and five percent 
of the females chose computer science as their 'intended choice of study. 
The proportion choosing computer science has tFipled si«ce 1975.^ 
Undergraduate engineering enrollments, which haye historically gone 
through periods of boom or bust, have been on the upswing since a trough 
in the mid-1970s. Entering freshmen classes in engineering ai-e now at 
an aid time high and would be much higher if colleges and universities 
could accommodate the demand. Graduate enrollments are up as well. 
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Table 3.1 

Percentage of 1981 College Seniors Taking SAT Exams Choosing Engineering Or 
Computer Science As Their Intended Area of College Study, By Region and Sex " 

Computer Science/Systems Analysis** 
Male Female 





Engineering* 




Male 


Female 


National 


21.5% 


3. 2% 


Massachusetts 


20.5 


2.4 


California 


20,9 


3.5 



6.5% 
8.9 v 
6.4 



4.fl% 

4.7 

4.5 



**SAT verbal mepn: 416 
math mean: 492 

*SAT verbal mean: 446 
math mean: 534 



(national) 
(national) 



Source: "College Bound Seniors, 1981, M 

National, California, Massachusetts, 
The College #oard. ■ 



Table 3.2 

Full-Time Undergraduates Enrolled in Electrical Engineering and 
• Computer Science at the Three Massachusetts 
Public Engineering Schools , 1981-82 



Year* 
Freshmen 
Sophomore 
Junior 
Senior 



EE and CS 
846 
615 
561 
350 



All Other 
Engineering Programs 

883 (est.) 

767 

879 

877 



Source: Massachusetts Board of Regents of 
Higher Education. 
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These national trends are apparent in the Massachusetts schools of 
engineering and computer science. The number of undergraduates in MIT's 
School of Engineering more than doubled between 1972 and 1982. Nearly 
one third of all undergraduates there who have declared a major are in 
electrical engineering and computer science, and another third are in 
other engineering fields. MIT's graduate engineering enrollments have 
" grown by about one third in the last ten years also. Current full-time' 
freshmen enrollment in electrical engineering and computer science at 
the three public , Massachusetts universities awarding engineering degrees 
, (University of Massachusetts, Southeastern Massachusetts University and 
University of Lowell) is more than twice the number of seniors in those 
fields — 846 freshmen compared with only 350 seniors (Table 3.2). The 
number of master's degrees awarded in these areas has jumped as well 
although the overall figure in 1980-81 was only 84 graduates (Table 3. 3) . 
i^S Over 1000 students are enrolled as computer science majors in the nine 

state colleges. Boston University has begun a major reorientation of its 
undergraduate curriculum in the direction of science and engineering. 
The number of undergraduate students enrolled in engineering (1500), 
one third of Whom are women, has grown rapidly in recent years. 
Applications to Worcester Polytechnic Institute (WPI) have jumped 28 
percent in the last four years. WPI along with Bentley College, Boston 
College and MIT, is one of the top four schools in Massachusetts' in 
producing bachelor's degree recipients in computer science.^ Lesley 
College has led the way in developing graduate programs in the use of 
conputers in schools. 

Northeastern University, the second largest producer of engineers 
in New England after MIT, is establishing a separate College of Computer 
Science and has received more than 1000 applications in one, year for 150 
openings in the current program. Enrollments in engineering have increased 
30 percent in the last three years, and a dual engineering degree program 
has been established with Emmanuel College. Northeastern has also 
developed a range of other new programs to respond to growth in high 
technology employment: a part-time High Technology Master's in Business 
Administration program aimed at experienced technical professionals; 
various kinds of computer technology offerings; technical writing programs; 
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Table 3.3 

Total Number of Electrical Engineering and Computer Science Degrees 
Granted Per Year By Massachusetts Public Engineering Schools 



Year 


B.S. 


M.S. 


Ph.D. 


1976-77 


- 172 


48 


0 


1977-78 


. 200 


41 


5 


19^8-79 


201 


51 


5 


1979-80 


205 


53 


2 


1980-81 


199 


84 


6 



Source: Massachusetts Board of Regents of 
Higher Education. 
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and Women in Engineering and Science initiatives. The President of the * 

University, Kenneth Ryder, was also instrumental in setting up the 

Bay State Skills Corporation and a consortium of Massachusetts engineering 

universities which *is working on collaborative research and trainir t> 

efforts. 

These trends are only a sampling of the alterations in curricula 
which are occurring in public' and private colleges and universities in 
Massachusetts. From all this it is clear that colleges^ and universities 
are Responding to shifts in the regional economic environment although 
industry may not see these changes as being as rapid or pervasive as 
they would like. The changes appear to occur not because df the direct 
influence of nigh technology employers on university policies but because' 
of students 1 demands for technologically oriented fields of study. In 
ah' era of declining enrollments, colleges have to be responsive to their 
own marlcet, their students. When students clearly want access to certain 
'kinds of programs, the schools f$el they must respond to some extent if 
for no other reason than their own survival as viable institutions. It 
is rare that a major curriculum shift is initiated by faculty and 
administrators prior to a change in student interest. 

p 

Obstacles to Expansion of Engineering and Computer Science Programs 



Engineering schools and computer science programs across the country 
have not been able to expand sufficiently to cope with the rising student 
demand. The most serious problem is the difficulty of attracting faculty 
because of industry f s ^superior research opportunities and higher pay. 
Fiscal constraints of the schools, due in part to declining federal 
support, have led to a deterioration of research and teaching facilities. 
Class sizes are now larger because of increased student enrollments and 
a large number of faculty vacancies (1600 positions nationwide in 1981). 
Research grants are more difficult to obtain. A large majority of 
engineering schools, according to a recent sturdy conducted for the National 
Science Foundation, report" that the quality of both research and teaching 
has declinJd. There is a greater reliance on teaching assistants and 
adjunct faculty to teach courses and many courses cannot be offered at 
all. 
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The pool of doctoral students, the traditional new source of new faculty, 

has been shrinking. A high percentage of doctoral students are from foreign 

10 * 
countries. As a result, almost one fourth of all junior faculty now in 

engineering departments received their undergraduate training outside of 

the United States. It is the difficulty of attracting new junior faculty 

..rather than the retention of senior faculty that presents the major problem. 11 

An NSF survey of graduate engineering departments showed that six percent 

of the engineering faculty in these 1500 departments resigned during 1978-79, 

and only 28 percent of those left in order to take a nonacademic job. 12 

Faculty in engineering and computer science average extra earnings each 

yesiv equal to 38 percent of their academic salaries. While computer 

science and engineering salaries are higher than those of professors in 

other disciplines ($27,535 versus $24,834) and though they "received pay 

increases greater than their colleagues in 1981, there hds been pressure 

in many schools and states to place engineering and computer science •< 

faculty on a pay scale further above that of other faculty. 13 (Ihat effort ' 

has recently been successful at the University of California.) Tlje 

difficulty of attracting adequate rfumbers of new faculty and the lack 

of other resources mean that only one in three qualified engineering 

undergraduate applicants are accepted into an engineering program. 14 

The Massachusetts engineering and computer science schools have 
experienced all of these difficulties although the more elite schools, .' 
notably MIT, have suffered less than others. Even MIT, however, has had 
trouble attracting the faculty it needs in some fields. The engineering 
programs at the publicly-supported divers i tils have been especially hard 
hit. John Duff, Chancellor of the Massachusetts Board of Regents of 
Higher Education, estimates it will cost .over $7 million during 1982-83 
and approximately $2 million each year thereafter for four years if the : 
three Massachusetts universities are to restore and maintain laboratory 
and computer equipment quality. 15 These figures would be even higher if 
all qualified applicants were admitted to the programs to the point of 
saturating the present physical plants. The average SAT math score for 
entering freshmen in engineering at the public University of Lowell 'is 
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,635, a highly competitive figure. Lowell needs to hire 13 faculty in 
electrical engineering just to handle students who are already enrolled 
there. Duff estimates that there is currently a shortage of 183 
engineering faculty at the three Massachusetts state universities. 

Salem State College, which had turned away as many as 200 students a x 
series te'r from computer science courses because of faculty shortages, saw 
student enrollments in that field rise from 460' to 730 in 1981-82 after 
they were allowed to hire three new faculty members. The well-regarded ^ 
computer science program at Framingham State College, which has seen 
enrollment jump from 266 in 1974-74 to 1048 in 1981-82, has had to limp 
along with only two full-time faculty and 21 part-time teachers. A 
graduate program in computer science has been approved at the University 
of Massachusetts at Boston but insufficient equipment prevents the 
program from being implemented. There are no research facilities for 
faculty there, making it difficult to retain and attract professors- 
Northeastern University has ten faculty vacancies they have not been 
able to fill. It needs an additional $3.5 million more for equipment 
purchases *and over $1 million more for faculty salary compensation. . 

Massachusetts students have traditionally /lepended more on private 
education than students elsewhere, and as a reiult plan to spend a good 
deal more on education than their West Codst counterparts ,(Table 3.4). 
But the pressure on public college and university enrollments in 
engineering and computer science will increase as private tuitions in- 
creasingly soar out of reach of middle class families and as federal and 
other scholarship monies decline. New funds currently being allocated 
by the state legislature for tecfinology-or iented programs will help the 
system,, but unless these additional appropriations continue for several 
years, the funds for 1982-83 will only be M a drop in the bucket," in 
the words of one Regent. 

The Industrial Response to the Engineering Education Crisis 

Corporations have been much more attentive and responsive to the 
plight of engineering and computer science education than to the problems 
o" scientific and technical education at the two year colleges and secondary 
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Table 3.4 



Percentages of 1980 Seniors Planning to Attend College and 
Percentages Estimating Costs of College, By Region 



New England 



Planning to Attend 
College or University: 

' , 4-year , t 
, 2-year or Community College 



52% 
48 



Pacific 



43% 

58 * 



Planned Student Status:. 

full-time 
part-time 



Estimated Annual 
Expenditures for College: 

none 

less than $1,000 
$1,000-2,000 
$2,000-4,000 
Over $4,000 



71% 

29.,; 



28% 

21 

11 

21 

19 



55% 
45 



J- 



19% 
49 
14 
13 
6 



Source: High School and Beyond . 

National Center for Education 
Statistics, 1980. 
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schools.' The facts about university engineering education have been 
widely publicized not only by educational and professional associations 
but by corporate groups as well. The American Electronics Association, 
the Massachusetts High Technology Council and the Semiconductor Industry 
Association are making xrfajor efforts to identify the needs of engineering 
schools and to encourage business support of various kinds to those 
institutions. 16 The AEA and MHTC are cooperating in a campaign to get 
their member companies . to donate two percent of their research and 
development budgets to engineering and computer* science education. The 
Exxon Education Foundation is giving $1^5 million to 66 colleges and' < 
universities for teaching fellowships for engineering doctoral candidates 
and to 100 departments of engineering and allied fields for salary 
supplements to junior faculty. Generally speaking, high technology 
companies have had a poor reputation for giving to educational or 
charitable concerns, a pattern usually attributed to their relative youth 
and size. (Small companies with less than 100 employees make up about 
three quarters of the high techology sector in Massachusetts, although 
one quarter of all the high technology firms account for 90 percent of 
employment in the industry.) 17 

A consensus among regional and national industry and educational 

leaders on the nature of the engineering education problem and some of: 

its solutions has been reached during 1981-82. They qgree that 

engineering schools have critical problems, based fundamentally on 

inadequate financial resources, *and have developed a list of ways in 

which corporations can come to their aid; The recommendations encourage 

Industry to make donations of cash, equipment, and fellowships to the 

schools, loan instructional personnel, provide summer jobs and consulting 

opportunities to faculty, create more co-op placements for students, 

supplement faculty salaries, establish endowed chairs, and develop 

collaborative research efforts. The proposals- also ask that industry 

support state legislative action both to upgrade salaries for public 

university engineering faculty and to increase state budget allocations, 

18 

for engineering and computer science education at these schools. 
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What is absent from all of these recommendations, however, is a 

call for significant federal support of engineering education. Industry 

leaders have instead focused on stepped up corporate ahd state government 

contributions to engineering education to solve the problem. The Reagan 

administration has also put forth the view that universities and 

industry together, not the federal government , "are best equipped to 

deal directly with the temporary or cyclical fluctuations in supply 

and demand." Instead, the federal government should only "provide 

oversight and help to focus national attention on these problems." 19 

George Keyworth, President Reagan f s science advisor, recently warned against 

efforts to deal with scientific and engineering manpower planning in a 

national, centralized manner. This view, however, is not shared by 

engineering professional societies and university administrators who argue. 

that the magnitude of the problem is so great, only substantial federal . 

20 

support will ultimately alleviate the crisis. 

A few of the larger . Massachusetts high techology firms have already 
been making contributions of various kinds to the state's engineering 
and computer science schools. Several firms have developed a reputation 
for generosity in giving— Digital Equipmerft Corporation, Analog Devices, 
Data General and Raytheon were mentioned the most frequently by university 
administrators. Only ^a few have established foundations — GenRad , Honeywell 
and Polaroid. (General Electric, sometimes classified as a high technology 
f irm, has* long, , given through its GE Foundation. ) MIT. is the recipient 
Of corporate largesse more than any other engineering school. As of the 

r aU'of 1981, MIT received $18 million annually from corporation^ for 

21' . 

research; Several Massachusetts high technology companies have made 
'Ifts to MIT in recent years— e.g., GenRad Corporation, Analog Devices, 
Digital Equipment, Tejradyne, Analogic Corporation, Foxboro Company, 
Honeywell and Polaroid. Contributions to MIT's planned $21 million 
Very Large Scale Integration (VLSI) center in Cambridge, however, have 
come from large corporations based primarily outside Massachusetts. 

Despite recent publicity that relations between MIT and Massachusetts 
high technology companies are strained, MIT has in fact the closest and 
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most enduring ties with the companies of any school in New England. Many 

of the firms were founded by MIT graduates, and others spun off from 

MIT laboratories. MIT faculty are involved as consultants or directors 

of many companies , and -MIT provides the largest number of technical 

and professional employees to companies of the Massachusetts High Technology 

Council. The University has an active Industrial Liason Program with 

over 270 company members (generating close to $6 million in revenue 

annually to MIT) which provides the firms with access to the Institute's 

research and staff resources. Other llaiks to industry exist as well: 16 

percent of MIT students are in cooperative work-study programs; short 

courses, including video courses, are offered to industry personnel; a 

Management of Technology master's degree has been developed jointly 

between the Sloan Sc.hool of Management and the School of Engineer ing; 1 and 

a small, part-time master s program in the Department of Electrical 

Engineering and Computer Science has been developed for people already 

employed in industry. While the size and structure of the latter program 

fall short of industry desires, it appears to be a first step in what 

might become a much larger effort to provide continuing education for 

, 22 d' 

experienced technical professionals. Thua, like ^Stanford University 

and other elite engineering schools, the relationship between high 

technology industry and MIT is relatively harmonious and close. The 

two institutions respond relatively well to each other's needs. 

While no other college or university* enjoys corporate largesse to 
the extent MIT does, others have received some significant donations from 
high technology industry. Northeastern University, the second largest 
provider of technical professionals to companies of the Massachusetts High 
Technology 'Council, has been the beneficiary of company contributions 
from Computervision, Analog Devices, Data General, Digital Equipment, IBM 
and the General Electric Foundations. Data General played a major role 
in helping tfie University of Lowell develop a computer science major by 
contributing equipment, loaning instructors, and advising on curriculum. 
Analogic Corporation, Digital Equipment , Analog Devices and Computervision, 
among others, have also made donations to Lowell. "The University of * 
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Massachusetts at Amherst has received major help from Raytheon and 
Digital Equipment, and has benefitted also from the contributions of 
, Wang Labs, Alpha Industries, Analog Devices and Cenerdl^Electric. * 
Worcester Polytechnic Institute has succeeded in garnering donations 
of §1.7 million from Industry for its research budget and has received 
donations from Analog Devices, Computcrv ision and Digital, ampng 
others. All of these schools provide in-service training for companies 1 
cechnical professionals On and off company sites. Northeastern ' s part- 
Lime master's program in engineering dwarfs all others in size, * 
trolling moru than half of all part-tAme graduate engineering students 
In Che state. Northeastern University also has a number of students in 
its co-op program working In electronics and computer companies. Some 
of the schools have been linked to industry through advisory boardsor. 
through joint programs under the auspices of the Bay State Skills 
Corporation. 

» Anqfthgr emerging area of industry-education collaboration centers on 
the development of a research and training microelectronics center in 
the state. At Northeastern 1 s Initiative, a consortium of industry, 
education and government leaders have planned a $40 million center « 
that would train people from engineering and technic lan-trainjng schools' <t 
and companies in the design and production of semiconductor devices, 
the directors of, the center would be drawn in equal numbers from industry, 
education and government. Public funds for the project would be matched 
by donations of various sorts (equipment, cash and teacher personnel) 
from high technology companies. It is expected that Dig ital^quipment 
will be a major contributor to the center. 2 ^ This proposed center is 
similar to others being established in other states (e.g.. North Carolina, 
Minnesota, California) as these states* compete* with one another to 
retain and attract high technology companies. 

Industry and Education: Views of One Another * 

Massachusetts industry executives interviewed were generally positive 
In their opinions of the college and university engineering 'programs in 




the state. They also gave high marks to some computer science programs .' 
but felt others need improvement in quality* Many were sympathetic to ' 
the difficulties university administrators face, in reallocating scarce 
resources and were„aware that y £he public colleges and univejrsi tie's were 
underfunded. While- th^y expressed disappointment at MIT's refusal thus - 
far to develop a large-scale part-time graduate engineering degree, 
^t the same time they had grudging respect fdr the' Institute's policy , * 
on this question. ' * 

But company officials had criticisms as well. Mast believed 
that the state's four year colleges and universities had an insufficient 
number of technology course offerings. However, after stressing they 
wanted to see more of a high technolpgy thrust in the curriculum, they 
often then added comments favorable to the^ liberal ar^s. "I don' t want 
a society dominated by scientists and engineers said one. Many brought 
up the traditional business complaint that schools with perhaps/€T^ 
exception of* Northeastern, are inadequately attuned to labor market 
trends and care little, about student career placements , Some .admitted : 
that companies j}±d <a poor j obi of communicating their changing needs*,- for 
personnel. "Academic institutions have no sense of urgency" about . 
responding to changes in workforce demands, argued one human resources - • 
administrator. He claimed, and others agreed,- that while "industry moves 
at 60 miles per hour, the educational sector moves at only ? 15 mlAes per 4 ' 
hour." Another manager, who had formerly been an administrator in the v 
state public higher education- system, spoke disparagingly^ of the bufeauV 
cratic maze which slowed down the s a<foption of new programs:. - M By the"V 
time a program is approved in public higher-education, the need has gone 
or Northeastern has^&one it." * * * 

% . * \* - ■■■'■<■ - • y 

Others saw institutions, bf higher l&arning^is bumbling in their 
efforts at approaching industry for help. One exefc^ive, for example, 
cited the failure of 'schools to write high quality* f^used requests for 
x company support. ' Others cited what they felt was the narrow arrogance 
of some schools who wanted corporate money but no advice on the 
development of computer science and other ctrrricibla. They argued that 
many schools have failed t6 form viable employer advisory boards for 



fledgling programs. . The draining (lirector of one large firm commented 
that those schools which were not arrogant' of ten veered to the other* 0 
extreme o£ " pandering".- to companies 1 short-term needs. Others pointed * 
out that no university has developed a systematic sequence of retraining 
programs that would prevent experienced engineers from becoming obsolete. 

College and university officials generally have ambivalent feelings 

about their relations with the high technology sector. One university . 

president observed that executives from electronic^ and computer < 

companies were easier to work with than other businessmen because they 

are focused in, what the^y want from the university, and are, idea oriented 

and creative. They are "not vj&ty different from university faculty types, 11 

he said. He added that, while they often have a narrow perspective on 

what they want ('We, engineers , period 1 ?), they have also become .broader 

* ■ ■ * 

in their understanding of the mission of a comprehensive university. 

Many administrators observed that se^ral years ago high technology 

executives approached university relations primarily from the standpoint 

of pressuring the schools Jf to produce more engineers. But university 

officials pointed out that busiiiess attitudes have changed so that they 

now ask how they can help engineering education. Many were moderately 

hopeful that some money would be raised through the 11 two percent solution" 

campaign of the Massachusetts High Technology Council, and they were 

pleased that several executives were taking the lead in trying toconvince 

the high technology business community to make contributions. Public* 

college and university ~administratQ(|&7""^ike their community college 

counterparts, were also approving of the presence of high technology 

representatives on the Board of Regents. The industry advisory boar,d 

of ojrie public engineering school has been instrumental in successfully 

lobbying the state legislature for more money for laboratory facilities 

■'V- - . ' • • ■ '' « ^ / 

at that school. \ 

With the exception of MIT, however, college and university officials 
are generally critical of the level of high technology corporate giving 
to their institutions. Companies here are young and are "not yet 
socialized to the tradition of charitable giving," observed one university 
president^ Many believed that the $14 million contribution goal of the 
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Massachusetts High Technology Council fund derive (two per cent of 

R and D budgets 1 ) was set too low, significantly below federal goals of 

5 per cent of pre-tax earnings. (U.S. corporations give, on the average, 

less than 1 per cent of pretax darnings to educational and charitable 

* - * , 24 1 * > 

•institutions.) Most felt 'that, with the exception of a small number 



of firms, 'companies giye far -too-little. Some of the,£chool.s acknow- 
ledged they had only begun* approaching companies recently for donations 
while others; especially .state colleges, asserted they lacked the 
personnel to ' initiate contacts with the firms. The ties that did exist 
came largely through their adjunct faculty who held industry positions. 
Several college presidents who are experienced fundraisers were -generally 
despairing of the low level of financial 'support from all business 
'sectors. » v \ v / 

One university official who has worked closely with high technology 
industry characterized t univer sity^business ties as "a struggling relation- 
ship. " He and others cited several ' difficulties in developing >\ 

■■"*■. 

collaborative efforts: the%diverse nature of the companies and their a . 
frequent inability to agree on common policies; the fact that firms 1 
educational efforts are usually fragmented and not fully, institutionalized ;» 
the relative slowness of*- most companies to establish sys tematic „and 
enduring recruiting efforts' with the 'schools' new .graduates (instead of 
always ''pirating' 1 personnel from other firms); and the^ paucity of 
companies interested in "a sus tained* work-study/cooperative placement* 
program for students. Others claimed that the rapid growth rates of 
the companies made it hard to nurture long-lasting tie£.. Several stressed 
that such ties, in order to be effective, had to be with high levels 
executives who had more influence arfd longer tenure in companies than 
middle managers. 4 

Educators also pointed out that the failure of industry associations 
to lobby for federal funds for engineering and science education 
contradicted their own best interests. "Industry is sticking itsfhead 
in the sand by not going to Washington and talking about the national 
crisis in engineering education," argued one college president. "Ifes^i^ 
a national problem and we have no national policies . . . The companies 
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believe in 'small government 1 and ar^ thus -caught on the horns of a 
dilemma/ 1 Several claimed that it would take a crisis of some sort 
(e.g., losing a significant share of the minicomputer market to Japan) 
before business acted at the federal level on educational issues. 
"Companies really need to be scared before they will get their act 
together and lobby for federal support" commented the'coordinator of 
a large university-industry program. 

Just as corporate officials sometimes criticized the schools, for 

the long lag in their response to l&bor market changes, university 

off icials faulted industry for having such a "short-term perspective. 

For example, they felt that most companies had not developed "mature" 

human re^urce policies that encouraged the systematic retraining and 

development of their experienced' engineers throughout their careers. 

They argued that "high tech hires 'in fits and starts" with little 

planning beyond the next economic quarter. Some administrators felt 

they should speed up their institution's response times, but others 

defended the long-range planning cycles of colleges 'and universities. 

Faculty critics , citing the fact that a small proportion (less than 

three t>er cent) of Massachusetts workers are employed as technical 

professionals in high technology firms, questioned whether dramatic 

curricular changes should be implemented to accommodate the needs of 

that modest share of the employment market. Economist Peter Doeringer 

has summarized the colleges' viewpoint well: ,* 

For a variety of reasons, existing institutions in the 
higher education sector cannot and should not respond 
fully to 'the shifting needs of the economy .. . Substantial 
programs of basic research cannot be undertaken as short-term 
commitments, teaching is built around long-duration 
degree-granting programs; laboratory facilities cannot be 
built overnight; and state legislatures are not likely to 
provide the budg^ary flexibility needed to underwrite such 
responsiveness. 

Despite these varying perspectives , hoVever , industry and educational 
officials have reached a rough ^consensus that curricula of institutions 
of higher learning need to be weighted mare toward scientific and 
technical subjects than they have been previously. Student deman^, if 
nothing else, provides the impetus for program shifts. * 
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The Question of the Engineering Shortage * 

The .majority of the college and university administrators interviewed 
voiced moderate •skepticism, of. industry projections for engineers and 
4 computer* scientists. Still haunted by the widespread layoffs of - 

engineers in the early 1970s, they are reluctant to institute enormous 

26 1 * 1 

expansion programs in engineering. A lively debate among labor 

economists, engineering society spokespersons, and industry officials 

is taking place over this issue. Some academic observers and 

representatives of engineering groups argue that if the supply of 

engineers is as constricted as industry people claim, engineering 

salaries would be rising faster than they are currently, and older 

engineers would be utilized more efficiently. (The argument on salary 

levels is especially applied to Massachusetts where engineers and other 

high technology workers are paid less than the average compensation of 

' • * 27 " 

comparable workers in other states.) They claim that industry simply 

wants to expand the engineering labor supply in order to depress 

salaries and to have a better selection of personnel. But high 

technology companies dispute these claims and argue intensely that the 

lack of trained technical workers is already having a direct impact 

on their ability to get new products on the market. 

Amidst the controversy, a middle ground view among the educators 

emerged from the interviews. While they are wary about expansion of 

engineering programs, they generally believe industry claims about the 

strength of the long-range job outlook for engineers and computer 

scientists/ Paul Gray, President of MIT, cites three factors which 

will continue to generate demand for technical professionals: the need 

for energy alternatives in our society; the mushrooming • of applications 

of microprocessors; and future opportunities for applications 

" 28 
of genetic engineering. The administrators agree that even if 

engineering jobs become scarcer in the future, technically trained 
people can find other positions (e.g., in marketing) where their back- 
grounds are useful. A common theme expressed was that "if anyone 
survives in the future, it will be the individual with technical training. 11 
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Academic analysts of this issue point out that Engineering 

shortages will probably exist only in some regions and in some spbfields. 

Company of ficials interviewed stressed their need for electrical and 

computer engineers, fields where they felt th<e demand would hold up for 

some timer. They acknowledged that firms are all competing for a small 

pool of top flight talent, "the kind who will really make a difference 

to the company." * 

* * 
Thus, while' <there is some questioning of future projections of 

technical prof essigjials , educators are cautiously proceeding with 

expansion of programs in the belief thajc new technologies and their 

applications are the wave of the future. Clearly, tensions exist 

between industry and apademe, but the relations between companies 

and colleges and ' universities are closer than those between firms and 

other sectors of the educational system, \ • 1 \ * 
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IV. CONCLUSION 

r _ - - ! • . 

As American Industry creates the ."new. information society/ 1 the school? 
which train their future workets face serious problems at all* levels. 
Enrollments in technology-oriented programs are soaring at the two and four; 
year college levels but budgetary constraints are choking the flow of 
newly-trained personnel. High school mathematics and science, enrollments* 
in Boston's 128 suburbs, already high by national standards, are growing 
modestly and interest in computers abounds. But achievement levels among 
the state's teenagers have declined and teachers complain of less motivated 
students. Moreover, the 4ual effects of declining enrollment and budget 
reductions have caused cutbacks in academic programs and the layoffs of 
a generation of younger teachers. The atmosphere of demoralization which 
currently enshrouds public education contrasts with the upbeat ambience of 
high technology fitm$. , 

i The response of Massachusetts 1 high technology companies to the 
deterioration of the educational environment around them has varied 
depending on tfre level 'af education involved . Corporate concern has 
focused most intensely on , the needs of engineering schools. Ties between 
the companies and MIT have historically been very close and continue to T'» 
be-strong. , Collaborative relations between the firms and less elite 
college's and universities are less frequent but occur more,, often than 
they do between industry and the two year colleges. The commitment of 
industry resources, however, appears to be insufficient to meet the 
financial needs of engineering and other kinds of technical education. 

v , 

Yet industry associations shy away from calling foi; federal support. 

At the seccwrttery school level, the Massachusetts High Technology 
Council supported a tax reduction measure, Proposition 2^, which has had 
the unintended effect of cutting resources for school programs, including 
mathematics, science hnd vocational education. The Council, however, and 
several non-Council high technology companies have made some efforts to 
provide aid of various kinds to selected high schools. But these efforts 
are usually isolated, small scale affairs" that make no visible cHange in< 
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school programs. The obstacle's to industry-education cooperation at " 
this level are formidable. The national Administration's proposals for 
"a "new partnership" between business and public education are unlikely to 
lead to solid programs of measurable impact. ' 

The response of American' education to the economic transformations 
wrought by modern* electronics is uneven and constrained by forces largely 
beyond its immediate control. Without national direction and support, 
it is unlikely that a satisfactory response will be forthcoming in the 
1980s. ,'. • , 
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